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CHAPTER 1 


INTRODUCTION 


Report Structure 


As shown on the inside cover the stucy results are pre- 
sented in a series of volumes. 


This weport_.de@ Tethnical Data Vol. 1, Planning Criteria 


and covers the development of planning data for projecting 
sewerage needs in the EMMA area. More specifically, projections 
of population, employment, and land use for 1990, 2000, 2020, 
and 2050 for each community and selected subdivisions is made. 
These in turn will be used to estimate future wastewater 
contributions. 


Planning Approach 


Total projections of population and economic activity were 
made for the entire EMMA area. In order to distribute these 
projections to each community or its subdivision, it was felt 
that an activity allocation model was required. The EMPIRIC 
Activity Allocation model was chosen and used to allocate a 
Share of regional population and employment totals to each 
community or its subdivision. 


The planning phase began with a statement of regional 
goals which could be related, and where possible quantified, for 
use in the EMPIRIC Activity Allocation model. Regional popula- 
tion and employment projections were prepared for the study area, 
and a share of the regional totals allocated by use of the 
EMPIRIC Model to each of the communities and subdivisions. The 
EMPIRIC model also generated land use for each during the alloca- 
tion process. The results of the alternative EMPIRIC alloca- 
tions were analyzed, compared with regional goals and a final 
plan selected which will be used for the wastewater planning. 


Study Area and Analysis Districts 


The limits of the Study area are shown on Figure 1-l. For 
purposes of this planning phase, the study area” has been divided 
into 125 analysis districts. While most analysis districts 
represented individual municipalities, Boston was divided into 
14 districts and the City of Newton and the Towns of Brookline 
and Milton were divided according to the respective areas served 
by Deer Island and Nut Island treatment plants. These divisions 
are shown on Figures 1-2 and 1-3. 


ZN 27 IN 


SCALE IN MILES = 4 


\ AMESBURY \ ae 
: MERRIMAC ie ve 

cee 
_——— i. ay Fm ee 
PN west (PORT 


q 
a wewsury ‘~~ 
Sc pe CHANERIL — ‘rea 
/ ~ 
bi baw * 
o> ed > f bt 56 — 
METHUEN / v / 
774 GEORGETOWN ,” ROWLEY 
£ 


/ 
oa; Ade DRACUT V L——~ 2. anpover BOXFORD 
PEPPERELL — DUNS TABLE } BOROUGH e _— er By 5 bho: 
_—— a aa \ 1 
N “§ A A 2 7 
N cake LOWELL See CTOPSFIEL ry ki ; 
\ T Ry wioneTON © 4 \ \ Si 
\ GROTON \ CHELMSFORD 37 ™ EWKSBU NG oie Ratt WENHAM ee ie QUCESTER 7 5 


i WESTFORD | Filial 7 STO 


/ \ / \ 

A : “isd / ort } DANVERS 
—— \ / ~N ne 

SHIRLEY > AYER 7 . een BILLERICA = WILMINGTON | fier ee ee 


iN \ READING )LYNNFIELD\. PEABODY 
= LITTLETON yer CARLISLE‘ cN k BBN. 
a f- 


BEVERLY 
} 


io Sd a4 ae \ 


\ Nui te Net > / 
} HARVARD Soe ‘- iat BEDFORD /BRUNGTON / : _ tanner. S—_-~ Dey, 
\ 


piegec actor ee 7 wnt stone 
py 2-7 HAM 
ae / ry yoo at eae pea, 
a prt f \ LEXINGTON ite ay, ress 
/ BOLTON sow | MAY- J MALDEN 
| \wao ~~ me Linco A mi nS ern { a 


z wg i a 
LINTON S32 ~ be 4 ~— me 


Massachusetts 
< 1 y 
me, > S09 . 7) won | 
= | / \ 
No? | { \ 
‘© warteorousH «= f——____y WAYLAND, WESTON ‘y° 
7 Ley mi. / > NeWION % 7 
WORTHOOROUGH ee it ned Pare 
_-——X\SOUTHBOROUGH / FRAMINGHAM Cwenesiey 7 
.- \ “4 - \ oo y aa 
= 
a ae MATICK \" wenn 
ne J j-~ — 
ESTBOROUGH r eek asHuand ~~” ~ Sigh igh “ 
! oA I =a 1 ~<DEDHAM | 
— / \ 
y woPKinTON “SS, SHERBORN 3 DOVER es: 


Bay 


« 


/ wesTwooD-~_N\ 
oe \y (aura mai 2 K & f \ SS 
77 wOLSN =} ry <7 BRAINTREE MCT <7 scirure @ 
ae r \ MEDFIELD/ LY, NORWOOD \ganoo.P > ! A =~ } 
A 
UPTON ee ra \ MILLIS (~ ee wa CANTON a a 
MILFORD +-~ wepway \ ce } a Lo ig i 
p \ ' \ og ou a oe ame a fo ram RO mi \ 3 a 
\ 4 L-p~wery” ( ai ay ( \ \ \ \ 
iret. ara! ow \ ( c ‘\ aistraet and) HANOVER SS wanseveto YN 
WORTHBRIDGE \ DAL j \ NORFOLK \ ft a hy \ 
i a / 
eon MENDON Bi cna | FRAMIN — { ‘a 
- KT HITMAN 
me : HAM / FOXBORNUCH BROCKTON S . mn | 
ae // WRENTHAM ety to 
UXBRIDGE !MILL-| ea \ LA _sEAST \ 
NILE (RACASTONE r EASTON WEST GRIDGEWATER | _ 


Rhode Island 


\ al MY HALIFAX 
BRIDGEWATER 


FIG. 1-1 


MOC Study Area 


YAN 


SCALE 
lin.= Approx. 8,OOO ft. 


| OO ( 


iti - 
— pe 
Ses St 
Sein . ‘ 
ee ee Nees ee 
nny DD See Dk, aes 
eee : . y : 
a cee tes 
———_—_ YA a 
——SSSSSSS= ae 
RE TRE EES ee es, ON y retatetatatetetere® 
FS 
55ST RE EE Solana 
ree ’ . 
7 ee ee, ae 
————$—— ee : fi ; 
hr s “Si Bs as ; 
— a ee sn Bin ‘ 


A 
= PO —— 
SE I 9 i EOE Bs EE 
JE PS a ee See 


A 


==] Area served by Deer Island 
Treatment Plant 


Pus V2 Area served by Nut Island 
Treatment Plant 
MDC Study Area 


ANALYSIS DISTRICTS FOR 
NEWTON, BROOKLINE AND MILTON 


FIG. 1-3 


MOC Study Area 


BOSTON ANALYSIS DISTRICTS 


Bose map courtesy of the Boston 
Mace rmopemen Aethority 


—-—— Boundary between Deer and Nut Island Service Areas 
D Served by Deer Island Treatment Plant 
N Served by Nut Island Treatment Piont 


CHAPTER 2 


GOALS AND OBJECTIVES 


The purpose of this chapter is to set forth the regional 
development goals and objectives which have direct implications 
on the planning of future wastewater disposal systems and overall 
water quality management planning. Some of these goals and 
objectives were used directly, others indirectly, in deriving 
policy statements for forecasting regional activity allocation 
with the EMPIRIC model. 


Definitions 


The definitions of goals and objectives as used in this 
report are as follows: 


Goal: A goal is a broad statement of direction upon 
which future development decisions can be 
based and future courses of action can be 
established. 


Objective: A specific statement of direction upon 
which specific development policies may be 
formulated and quantified. 


Methodology 


The method used in selecting regional goals and objectives 
is as follows: 


1. Obtain statement of the previously published goals and 
objectives of the MAPC (Metropolitan Area Planning 
Council) .* 


2. Obtain previously published statements of goals of 
State agencies which may be applicable to our regional 
study area (carried out by MAPC). 


3. Review the previously stated goals and policies and 
select those which have direct implications on the 
planning of regional sewerage systems and overall 
regional water quality management planning. 


4, Prepare an interpretive statement of the effect of 
each selected goal and objective on regional sewerage 


systems and overall regional water quality management 
planning. 


®Guides for Proepress: 


g Development Opportunities for Metropolitan 
Boston, April, 1966. 
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5. Review these selected goals and objectives and our 
derived statement of impact with MAPC, MDC, and The 
Technical Subcommittee. 


6. Prepare a final statement of goals and objectives. 


It should be noted that in some cases a general statement 
of a particular goal or objective with the implications ona 
regional wastewater planning project is not made in this 
study. However, the overall regional planning criteria were 
derived from the bDroader=-stated MAPC goal. 


Statement of Goals and Objectives 


The statements of goals and objectives have been divided 
into four broad categories. These are 1) Housing, 2) Economic, 
3) Environmental, 4) Transportation. The statement of selected 
MAPC goals and objectives for the MDC regional wastewater study 
are set forth in the following tabulation. Also, a statement 
interpretating the objectives for use in the application of the 
EMPIRIC model is presented, where appropriate, with the various 
objectives. Many of the quantified goals and objectives are 
contained in Appendices A through K of this report. Other goals, 
such as retaining 35 percent of the regional employment activity 
ir the Core through 1990, were quantified as constraints to the 
mcdel. 


TABLE 2-1. 


STATEMENT OF GOALS AND OBJECTIVES 


Regional 
Selected goals and Derived statement of criteria for 
objectives MDC sewerage plan 
I. HOUSING 
Goal 


A decent home and a healthy 
living environment for 
every resident of the 
Metropolitan Boston region. 


Subgoals 


a 


To increase the supply 
of housing for all 
individuals and families, 
including those of low 
and moderate income, in 
order to provide for a 
range of housing 
opportunities. 


To provide for a range 
of densities, housing 
types, and prices within 
sound neighborhoods and 
communities. 


To provide open residential 
communities receptive to 
all age, income, and 
minority groups. 


Objectives 


Le 


Promote the adoption of 
average residential 
densities on vacant 
land to encourage a 
range of housing types. 


Encourage replacement of 
substandard housing with 
decent housing at a cost 
commensurate with ability 
of displaced persons to 


pay. 


2=3 


Quantified for EMPIRIC 
allocations by setting 
utility service acreages 
by municipality by 10- 
year period. (See 
Appendix D) 


Quantified for EMPIRIC 
allocations by variation 
of density of develop- 
ment. (See Appendix I) 


TABLE 2-1 (Continued). 


STATEMENT OF GOALS AND OBJECTIVES 


Regional 

Selected goals and Derived statement of criteria for 
objectives MDC sewerage plan 

I. HOUSING (Continued) 


If. 


3. Encourage the rehabil- 
itation of existing 
housing whenever 
possible and 
appropriate. 


4, Encourage adequate 
facilities and services 
(educational, health, 
social, recreation, 
protection) as required 
to meet needs of 
population. 


ECONOMIC 
Goal 


Assurance of the economic 
well-being of all residents 
by maintaining and enhancing 
the economic competitive 
position of the Metropolitan 
Boston Area in relation to 
the national economy and 
providing for an efficient 
geographic distribution of 
employment throughout the 
region. 


Objectives 


i?’ Provide fndtstrial 
and commercial space 
by 1990 to aid in the 
expansion and modern- 
ization of those in- 
dustrial and business 
firms already exist- 
ing in the Area. 
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3. Quantified for EMPaR=C 


allocations by utilizing 
constraints on areas likely 
to have rehabilitation. 


Quantified for EMPIRIC by 
determining land necessary 
for these facilities. 


Quantified for total 
regional projections by 
Metcalf & Eddy. Quanti- 
fied for EMPIRIC alloca-— 
tions by changing employ- 
ment density to reflect 
the trends of modern ; 
industry. (See Appendixes 
BPS Grand ‘Hp 


TABLE 2-1 (Continued). STATEMENT OF GOALS AND OBJECTIVES 


Regional 
Selected goals and 


II. ECONOMIC (Continued) 
Objectives 


2. Maintain the Core as a 
center of economic 
activity with the 
objective of retaining 
about 35 percent of the 
region's total employ- 
ment by 1990. 


3. Conserve and modernize, 
where feasible, older 
industrial and com- 
mercial areas through- 
out the Region which 
have good transportation 
access, and good market 
potential. 


4. Adopt medium-size 
industrial parks or 
districts of 200-600 
acres as basic unit of 
development in the new 
or growing portions of 
the Metropolitan Boston 
area. 


5- Encourage the location 
of new large (500,000 
sq ft or more) and 
medium-size (around 
200,000 sq ft ) retail- 
office centers near 
transit stations and 
near, but not at, the 
intersections of radial 
and circumferential 
freeways or the inter- 
section of major 
arterials. 


=o 


Derived statement of criteria for 


objectives MDC sewerage plan 


Quantified as constraint 
on allocation. "Core" 
area is defined as 
Boston, Brookline, 
Cambridge, Chelsea, 
Everett, and Somerville. 


Quantified for total 
regional projections by 
Metcalf & Eddy. 
Quantified for EMPIRIC 
forecasts by decreasing 
employment density in 
selected area. 


Constraint on manufac- 
turing employment allo- 
cation to areas with 
available vacant land 
where feasible. 


Objectives reflected in 
calibrated EMPIRIC 
model. 


TABLE 2-1 (Continued). 


STATEMENT OF GOALS AND OBJECTIVES 


Regional 
Selected goals and 


Derived statement of criteria for 


objectives MDC sewerage plan 


II. ECONOMIC (Continued) 


6. Encourage separations 
of local, frequent con- 
venience-type shopping 
trips from regional 
transportation systems, 
through the development 
of local land small, 
retail - office centers 
of about 100,000 sq ft 
in residential portions 
of the Area near the 
intersections of collector 
or arterial transportation 
routes. 


7. Encourage major new in- 
dustrial development only 
in areas provided with 
public sewer facilities. 


III. ENVIRONMENTAL GOALS 


Goal 


Establishment of a physical 
environment that is well 
ordered, efficient, varied 
as to man-made and natural 
features, and meets the 
aesthetic, health, and 
recreation needs of all 
citizens. 


Objectives 
l. Enhance, protect and 1 
conserve the natural en- 


vironment and the beauty 
of the landscape. 
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6. Objectives reflected in 


calibrated EMPIRIC 
model. 


7. Sewer service areas for 
use in EMPIRIC were 
establisned. The model 
was constrained to 
reflect sewerage Capacity. 


1. Planned open space sys- 
tem withheld from 
development. (See 
Appendix x) 


TABLE 2-1 (Continued). STATEMENT OF GOALS AND OBJECTIVES 


Regional 


Selected goals and Derived statement of criteria for 


objectives MDC sewerage plan 
III. ENVIRONMENTAL GOALS (Continued) 


Objectives 


Eliminate wherever 
existing, harmful and 
nazardous elements in 
the physical environ- 
ment, including the 
reduction and elim- 
ination of stream 
pollution. 


Provide collection and 
treatment facilities 
consistent with antici- 
pated local and metro- 
politan development and 
adequate water auality 
standards. 


Provide adequate water 
service for Metropoli- 
tan Boston by 1990. 


Provide improved waste- 
water service to 
Metropolitan Boston 
Area by 1990. 


E=/ 


Availability of sewerage 
service was assured where 
development densities and 
population growth demand 
it. 


Availability of sewerage 
service where develop- 
ment densities and 
quantities demand it was 
assured. 


Quantified for EMPIRIC 
by designating water 
service area acreages by 
municipalities by 10- 
year period. Constrain 
growth to 1980 in com- 
munities with existing 
deficiencies. Assume 
demands will be met 
after 1980. 


Quantified for EMPIRIC 
by designating sewer 
service area acreages by 
municipalities by 10- 
year period. Constrain 
growth to 1980 in com- 
munities with existing 
deficiencies. (See 
Appendix D) 


III. ENVIRONMENTAL GOALS (Continued) 


LY: 


TABLE 2-1 (Continued). STATEMENT OF GOALS AND OBJECTIVES 


Regional 
Selected goals and 


objectives MDC sewerage plan 


Objectives 


6. Provide an open space 
and recreational pro- 
gram to include exten- 
sive land acquisition 
of waterfront property 
and islands in the 
Boston Harbor and other 
designated areas. 


TRANSPORTATION GOALS 
Goal 


Provide for the safe, con- 
venient travel of the 
general public by means 

of integrated, intermodal 
transportation systems. 


Objectives 


1. Meet transportation 
requirements over the 
next 20 years within 
Route 128 with improved 
and expanded public 
transportation systems, 
especially mass trans- 
portation. 


2. Provide multiple modes of 


transport which support 
other objectives of the 
area. 


Derived statement of criteria for 


Restricted areas would 
not be available to 
accommodate growth under 
EMPIRIC. (See Appendixes 
K and L) 


No significant increase 
in highways inside 128 
until after 1990. Meer 
the Core area transpor-= 
tation requirements 
through modernization 
and expansion of public 
mass transportation. 


See Appendix A for trans- 
portation variables. 
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CHAPTER 3 


REGIONAL PROJECTIONS 


Population 


The purpose of this population study is to provide 
regional projections of total population for the study area 
for 1990, 2020, and 2050. The study area population is then 
allocated among the 109 municipalities in the study area 
using the EMPIRIC activity allocation model as described 
in Chapter 4. The allocated municipal totals are then used 
to estimate future sewage flows. 


Two regional population totals were finally selected and 
are presented here - a high and low estimate. It is anticipated 
that the population totals for the study area will fall Somewhere 
within this range. 


Methodology 


The procedure used to develop the required population pro- 
jJections consisted of three steps as follows: 


1. Preparation of projections using two methods, the 
regional share method and the cohort-component method. 


2. Comparison of the results of these projections with 
each other and with other projections for the study 
area. 


3. Selection of high and low estimates of population for 
the study area. 


A description of the two projection methods is set forth 
below. 


Regional Share Method. The regional share method entails 
determining a functional relationship between the past changes in 
the study area population and some larger region's population. 
This functional relationship then allocates a certain share of the 
larger region's projected growth to the study area. 


The M&E computer program MCURVE determines the functional 
relationship of the population of the study area with the 
population of a larger region. MCURVE accomplishes this by 
determining if a correlation exists between a set of independent 
and dependent variables. Six different functions are tested by 


MCURVE. These six mathematical functions and their mathematical 
expressions are: 


Function Mathematical expression 


Linear y = atbx 
Exponential y = aebx 
Parabolic y = axD 
Hyperbolic No. l y= a+b 
Hyperbolic No. 2 y = i 
atbx 
Hyperbolic No. 3 y= 
atbx 


A functional relationship of the study area population 
was sought with the populations of the United States and Massa- 
chusetts, respectively. The input data for MCURVE consisted of 
the total population of these areas every 10 years from 1900 to 
1970. The study area population was the dependent variable, 
while the United States and Massachusetts populations were the 
independent variables. 


Cohort-Component Method. The cohort-component method 
projects the three components of population change separately. 
These components are the birth rate, the survival rate, and the 
net migration rate. 


The M&E computer program POPRO was used for the projections 
done by the cohort-component method. The input data needed was 
a low and high birth rate, a survival rate, and a high and low 
net migration for every five-year interval in the projection 
period. #* 


The birth rate is the most volatile component of popula- 
tion change. For this reason, high and low birth rate assump- 
tions were made to show the effect on the population of different 
fertility rates. Once the high and low birth rates are supplied, 
POPRO computes the most probable birth rate which is roughly 
half-way between the high and low. 


*Birth rate is the number of allocated live births per 1,000 
population. Allocated births refers to the place of residence 
of the parents. Survival rate refers to the percentage of 
people in a specific age group that will be alive at the end 
of a specific time interval. Net migration is the number of 
people who will establish a permanent residence in a given 
geographical area. 


A high and low net migration for the study area was also 
estimated for POPRO. Like the birth rate, POPRO computes the 
most probable net migration by splitting the high and low net 
migration estimates. 


The logic of POPRO is simple. The base year population, 
which in this case is 1970, is given by five-year age groups. The 
program steps in five-year intervals, calculating the population 
change in each five-year age group. For instance, on the basis of 
the base female. population in the child-bearing ages 15 to 44 
years and the birth rates, the number of live births that occur 
in the five-year interval is computed. Next, the appropriate 
national survival rate is applied to get the surviving popula- 
tions ages 0 to 4. Then the net migration for ages 0 to 4 is 
added to get the population projected for the age groups 0 to 4 
at the end of the five-year interval. The procedure is the same 
for all the other five-year age groups except that no births are 
added. At the end of the five-year interval, the program starts 
again calculating the five-year age group populations for the 
next five-year interval based on the figures just calculated and 
the new birth rate, survival rates, and net migration estimates. 


The result of POPRO is a low, most probable, and high 
population projections by five-year age groups every five years 
until the design year 2050. 


Analysis 


This section contains the procedure for quantifying the 
inputs for the Cohort Survival Model. Before any assumptions 
about birth rate, survival rate or net migration could be made, 
a study was conducted of recent trends in these three components 
and how the trends apply to the study area. 


For the survival rates this task was the simplest. Sur- 
vival rates are gradually increasing and since the rates in the 
study area do not differ significantly from the United States as 
a whole, national survival rates were used.* 


The recent trend in birth rates shows that the level of 
fertility in the United States is dropping. Data collected for 
the study area from the 1970 U. S. Census shows that this 
area is no different. Women now entering their child-bearing 
ages are producing children at a lower rate than their prede- 
cessors. For example, the women ages 15 to 24 years in the study 
areas who have already born children have an estimated ultimate 
completed fertility rate of 1.65 births per woman, while for 
women ages 35 to 44 their estimated ultimate completed fertility 


RASA OL Oo TS 2 
Chevon, A., Lehman, P., and Wilkinson, T. 0., Handbook for 


Population Projections of Massachusetts 1970-2020, Office of 
State Planning and Management, 1972, p. 77. 
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rate is 3.01 births per woman. The corresponding rate for women 
ages 25 to 34 is 2.25 births per woman. In view of this data, 
birth rates for this area-seem to be headed toward replacement 
level fertility which is a birth rate of 2.1 births per woman. 


Unlike birth rate trends, no real trend for past migration 
can be seen. Table 3-1 shows the net migration for the past 
three decades for the study area. Over the 30-year period, 
migration for this area reversed from an in-migration between 1940 
and 1945 to an out-migration 1945 to 1965 and then back to an in- 
migration 1965 to 1970. 


TABLE 3-1. FIVE-YEAR NET MIGRATION ESTIMATES 1940-1970 


Five-year period~—~—~—~‘“‘s‘“‘ NE migration 
1940-44 46,724 
1945-49 spe MBs 
1950-54 -22 ,830 
1955-59 ~48,752 
1960-64 -14,506 
1965-69 37,247 <3 


It is generally felt that net migration in an area is 
related to the economy of the area. However, this relationship 
is not known. An attempt was made, using MCURVE, to find a func- 
tional relationship between total employment in the area and the 
State and the net migration for the study area. 


A functional relationship does exist, however, between the 
past net migration for Massachusetts and the past net migration 
for the study area. This linear relationship was applied to the 
Series B and Series C estimates of migration made by OSPM (Office 
of State Planning and Management) for Massachusetts. The results 
are presented in Table 3-2. 


Migration estimates by OSPM have been prepared for each 
five-year period by age group, by sex, and by race. Their Series 
B estimate is based on all groups progressing to zero migration 
by 2015. Series C estimate is based on all groups except the 
white, over 60 population group progressing to zero migration. 


The white, over 60 population group is expected to continue out 
migration. 


sai 


TABLE 3-2. NET MIGRATION ESTIMATES 1970-2020 


Net migration estimate 
Five-year OSPM's Mass. Study area OSPM's Mass. Study area 


period Series B estimate(l) Series C estimate(1) 
1970-74 1,210 5,863 28 ,000 14,604 
1975-79 -776 5,215 -4 ,000 4164 
1980-84 -675 5 248 -5,000 7,837 
1985-89 21 5,475 -6,000 rile pt A 
1590-94 ~485 5,310 -7 ,000 3,185 
2995-99 817 53135 -8 ,500 2,695 
2000-04 111 eno -9,000 2,932 
2005-09 -185 5,408 -12,000 ) Fk. 
2010-14 -195 5,405 -15,000 a5 
2015-2020 0 5,469 -18 ,099 -435 


1. Based on linear functional relationship with OSPM's estimates. 


Projections by Others 


Besides investigating the recent trends in population 
growth, population forecasts done by other groups for the study 
area were sought. Table 3-3 shows the population projections 
for 1990, 2020, and 2050 of the Metropolitan Area Planning Council 
(MAPC), the Office of State Planning and Management (OSPM), the 
Bureau of Economic Analysis (BEA), and various area planning 
commissions. The OSPM and MAPC used a birth rate assumption of 
2.5 births per woman while projecting a net migration decreasing 
to zero in the year 2020 for all age groups except those 60 years 
and older, which remained constant at their 1965-1970 out-migration 
level. The BEA assumed the birth rate to be 2.8, which now is 
considered to be too high. The area commissions projection was 
a composite of projections made by various planning commissions 
for the 109 municipalities in the study. The majority (101) 
of the communities, are in the MAPC area of jurisdiction, whose 
projections came from a 1967 report, The Economic Base and 
Population Study, Volume III. The population projections of the 
remaining communities were obtained from the Northern Middlesex 
Area Commission, the Central Massachusetts Regional Planning 
Commission, and the Central Merrimack Valley Regional Planning 
District Commission. All of the commissions used a cohort- 
component method along with some variations. 


a 


TABLE 3-3. POPULATION PROJECTIONS BY OTHERS 
(Millions of persons) 


Source 1990 2020 2050 
MAPC# 3-13 4.56 5.40 
OSPM A570 ro NPM 
Area commissions pe Sev te ee 


Bureau of economic 
Analysis 4.22 6.04 NPM 


NPM - No Projection Made. 
*These figures were proposed by MAPC staff in May 1973. 


Assumptions 


The assumption for the regional-share projections is a 
basic one. Namely, it assumes that the smaller region will 
continue to grow in the future with the same relationship to 
the larger region as it has in the past. 


The projections used for the Massachusetts and United 
States populations came from reports done by the National. Plan- 
ning Association and U. S. Census, respectively. The birth rates 
used in these projections were 2.5 births per woman for the NPA 
report* and 2.1 births per woman for the U. S. Census report#®*. 
The curves of these two projections are assumed to extend to the 
design year 2050 as shown in Figures 3-1 and 3-2. 


Assumptions are made regarding each component of popula- 
tion change for the cohort-component method. For the survival 
rates it is assumed that this region does not differ significantly 
from the rest of the nation as a whole. Therefore, the survival 
rates used here are the same ones found in Table A-5 in Current 
Population Report Series P-25, No. 493, "Projections of the 
Population of the United States, by Age and Sex: 1972 to 2020". 
For this study, the survival rates were held constant from 
2005 to 2050. Table 3-4 shows the survival rates used. 


hat a. LL. 
National Planning Association Report No. 72 R-1, “Regional Demo- 


graphic Projections 1960 to 1985", October 1972. 

**Current Population Report Series P-25 No. 493, "Projections of 
the Population of the United States, by Age and Sex: 1972 to 
2020", December 1972. 
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POPRO requires high and low net migration projections as 
input. The migration. figures selected are a straight line 
projection of the past relationship between the State and the 
study area. The procedure for selecting these figures is as 
follows. Migration figures prepared by other agencies were 
collected and a series of projection runs were made using POPRO. 
The curves on Figure 3-3 show the high and low net migration 
projection used in the first projection run. The high curve was 
made to peak out in 1975-1980 at approximately 48,000 in migra- 
tion in the five years and level off at 10,000 in migration every 
five years to the year 2000. The low assumption dropped imme- 
diately to a net in migration of 5,000 every five years in the 
year 1980. 


The constant value of 5,000 net migration for the low 
estimate corresponds roughly to the net migration derived from 
OSPM Series B by MCURVE. The constant value of 10,000 net mi- 
gration for the high estimate is twice the level of the low 
estimate and was selected somewhat arbitrarily. However, after 
testing the assumption on POPRO, the high-net migration assump- 
tion was eliminated. It was felt that the continuing use of the 
high curve on Figure 3-3 was unreasonable. In addition to OSPM's 
decreasing estimated migration, net migration for Massachusetts 
as projected by the National Planning Association also shows a 
decrease in the total net migration (see Figure 3-4). ‘Therefore, 
a second run of POPRO was made using a single-net migration 
curve for both the high and low input. - 

As stated earlier in this chapter, it is felt that the 
trend in birth rates is toward a replacement level fertility 
of 2.1 births per woman. Since POPRO needs high and low birth 
rate assumptions, the low rate was picked at 1.7 births per 
woman, a rate comparable to some measured rates in the last year, 
while the high birth rate assumption was 2.3. This sets the most 
probable rate at 2.0 births per woman. 


Study Area Projections 


Regional Share Method. Projections by the regional share 
method estimate future population for the study area based on the 
past functional relationship between the growth in the study area 
and the growth projected for the state of Massachusetts and for 
the United States as a whole. 


Past population growth in the study area was found to have 
a linear functional relationship with growth in Massachusetts. 
Future projections according to this relationship in the year 
on are shown on Figure 3-5. The curve is extended to the year 
50. 
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Past growth in the study area was found to relate to the 


growth of the United States according to the hyperbolic function 
x Future estimates of the study 
e U. S. population to the 
This is also extended to the 


expressed by the curve y = 
area based on its share of 


year 2020 is shown on Figure 3-5. 


year 2050. 


Cohort Component Method. 


a + “) ares 


The projections according to the 


Cohort Component Method are based on the assumptions presented 


previously. 
on Figure 3-5. 


Selected Study Area Projections 


The results of these forecasts are shown graphically 


Table 3-5 shows the 1990, 2020, and 2050 population esti- 
Projections by the 


mates by the two methods described above. 
regional share method fall between the high estimate and the most 


probable estimate of the Cohort Component Method. 


TABLE 3-5. COMPARISON OF STUDY AREA POPULATION PROJECTIONS 


1990 2020 2050 

Regional Share Method 

Share of Mass. Population 3,848,845 4,349,375 4,439,833 

Share of U. S. Population 3,717,619 4,205,948 4,483,752 
Cohort Component Method 

Low 3,391,789 3,479,886 3,066,664 

Most probable 3,518,818 3,953,688 4,028,260 

High 3,645,846 4,464,280 5,171,768 


The projections that have previously been prepared by 
others generally fall above the range of our forecasts. We feel 
that somewhat lower projections than have been made in the past 
are justified on the basis that the birthrate is dropping below 
that which was reflected in previous forecasts. In addition, 
there is a national policy of maintaining population growth at 
the replacement level. 
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Our low projection, which is well below the replacement 
population level, seems too drastic a shift at this time since 
no long-term trend of a birthrate of 1.65 has yet been established. 
Therefore, for our population projection we have selected a range 
between the high forecast according to our cohort component method 
and the most probable forecast of this method. This gives us the 
range in birthrates between that just below replacement level to 
something above replacement level. The results are shown in 


Table 3-6. 


TABLE 3-6. SELECTED REGIONAL POPULATION PROJECTIONS 


) 2.” ee a “CC ee eae 
1990 3,519,000 3,646,000 
2020 3,954,080 4,464,000 
2050 4 028,000 5,172,000 


Economic Activity 


The purpose of this section is to provide projections of 
regional employment totals for the study area for the years 1990, 
2020, and 2050. The EMPIRIC model is then used to allocate a 
share of the regional employment total to each of the analysis 
districts in the study area. 


Methodology 


The study area employment was projected in the following 
manner: 


1. Historical data was collected by analysis district : 
from the Massachusetts Division of Employment Service — 
(DES). However, DES reports only 70 percent of total 
employment. Therefore, major sources of "uncovered 
employment, mainly government and institutional, were 
identified by survey for each analysis district. 
Districts lacking a major source of uncovered emp loy- 
ment were assumed to have 30 percent more employment 
than the DES figure. City of Boston and Metropolitan 
Area figures were checked against estimates of total 
employment prepared by the Boston Authority. 


wage Projections of others were reviewed and analyzed. 


3-15 


3. The study area's manufacturing base was analyzed in 
terms of growing and declining industries... The 
results were used to formulate assumptions for pro 
jecting manufacturing employment. 


4, Nonmanufacturing employment was disaggregated and 
projected based upon an analysis of national and 
local trends. 


5. The study area total employment was checked as a 
share of the U. S. employment. 


6. Projections were reconciled and high and low study area 
totals were selected. 


Projections by Others 


Employment projections by other agencies were reviewed and 
analyzed subsequent to our making projections. These projections 
were made for somewhat different geographical areas. Therefore, 
to make a comparison, each projection was adjusted to make it 
comparable to our study area. Several of these independent 
projections are compared graphically on Figure 3-6. 


The Metropolitan Area Planning Council in 1967 prepared 
employment projections by five-year intervals to the year 1990. 


By means of location coefficients this study disaggregated the 
area economy into national and local market activities. A loca- 
tion coefficient is the ratio of per capita employment in. the 
study area to per capita employment in the United States. 

Where this ratio was greater than one, the industry was assumed 
to serve national markets, while those with a ratio of less 

than one were assumed to serve local markets. 


Projections of 41 national market industry groups were 
made independently to determine the study area's gross regional 
product. The region's gross product was calculated as equal to 
national demand for the output of that export industry times the 
regional share of the national output. Employment estimates were 
derived by dividing the study area's projected gross product in 
each industry group by projected values of gross product per 
worker in that industry group. It was assumed that the study 
area's share is some function of wage rates, labor supply, labor. 
quality, and transportation. The local market industries in 
each two-digit group were added together and projected using 
the same estimation technique as for national market industries. 


In making their projections, MAPC made the following 
selected assumptions: 
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The Region's output will grow at a slower rate than 
the nation. The most rapid growth: will occur in the 
1970-1980 period. 


In the early part of the projection period, export 
industries are expected to grow slightly faster than 
local market industries. 


Industries related to defense will increase significantly. 


Insurance carriers, medical services, private educa- 
tion, and business services will continue to be the 
most important nonmanufacturing export industries. 


Employment in manufacturing will increase. Paper, 
leather, and electrical machinery will experience 
rapid growth. 


Finance, insurance, real estate, business and pro- 
fessional services will experience rapid growth in 
the nonmanufacturing sector. Tourism will increase. 


The anticipated growth in labor supply will not. be 
adequate to meet the demand for white collar workers. 


The Boston Transportation Planning Review (BTPR) in 1972 made 
employment forecasts for 1980 and 1990 for approximately 80 percent 
of the MDC study area. Interests of local communities to attract 
or restrict growth were an important input to the projections. 

Many earlier forecasts by other agencies were reviewed and 
analyzed subsequent to the projections. 


In making their projections, the BTPR made the following 
assumptions: 


1. 


Federal research programs will not increase substan- 
tially in the study area. 


Environmental protection has a negative effect which 
has been "accounted for" in the forecasts. 


The clustering of activities would achieve scale 
economies in energy use. 


A rate of 50 percent employment participation rate is 
unlikely to be exceeded. 


Employment growth will slow down to match population 
growth. 
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6. The city and inner suburbs will surpass its E720 
employment by 1980. 


7. Manufacturing, construction, wholesaling, and retail- 
ing jobs must be attracted to the city and inner 
suburbs. 


The Boston Redevelopment Authority in 1970 made employment 
projections for the City of Boston and Metropolitan Boston for 


1975 and 1980. An analysis of local growth patterns and the 
National Planning Association analysis of the historical role 
of the Boston metropolitan area in the national economy provide 
a basis for their projections. 


Their assumptions were as follows: 
1. Manufacturing employment will increase in the Core. 


2. Services employment will increase at a faster rate 
from 1973-1980 than occured from 1963-1972. 


3. Finance, insurance, business services, higher educa- 
tion, medical services, recreation and tourism will 
be rapid growth industries. 


General Analysis 


Export Industries. Export market industries typically 
have a multiplier effect on the regional economy and, therefore, 
were given special attention.* National market industries were 
identified by the Metropolitan Area Planning Council in an 
earlier study, using location coefficients or the ratio of per 
capita employment in the study area to per capita employment in 
the United States. This system of identifying export industries 
was assumed to be valid and the results used as a check in this 
study. 


Export industries related to defense are expected to 
continue their decline. Transportation equipment, instruments, 
and electrical machinery are expected to be the major manu- 
facturing export industries while insurance, medical services, 
private education, miscellaneous business services, and tourism 
will be the significant nonmanufacturing export industries. 


Labor Force. The labor force has traditionally played a 


prominent role in the strength of the study area economy. Skilled 
low-cost production workers and numerous trained professional 


®Metropolitan Area Planning Council, "Economic Base and Population 
Study," p. 46. Assumed 2.3 total jobs for every new export job. 
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workers have been a strong force to attract and hold industries. 
However, increased labor mobility and competitive wage rates in 
other parts of the country are making this adventage less of a 
factor. 


Some economists suggest that the reliance on low-cost 
skilled labor has been a disadvantage which has resulted in 
lower investment in capital equipment. High labor cost per -unit 
of output may be the necessary compensation for the relative 
.disadvantages in taxes, fuel, transportation, and material costs 
‘in the study area. 


High-labor force participation rates due to an in-migration 
of young people and an interest among women to work will be 
important in providing workers for the expanding service indus- 
tries. The large number of educational institutions is an impor- 
tant factor in attracting, training, and holding a labor force 
suitable for the service industries. 


Analysis of Manufacturing Industries 


In order to estimate the direction of the study area 
economy in the future, the past and present manufacturing base 
was carefully analyzed. Using the Massachusetts Industrial 
Directory 1971, the staff applied criteria to companies in each 
municipality in the study area in order to classify them as 
declining, or growth industries and identified those companies 
which are energy intensive. If a company could qualify under 
any of the following criteria to be in a growth industry) it was 
assumed to continue increasing its employment in the future. 
Energy-intensive industries were projected to decline. 


Identification of Declining Industries. The major declining 
industries were identified based upon loss of jobs during the 
decade 1960 to 1970 in the state. The major declining industries 
were electrical machinery, textiles, rubber, apparel, and 
machinery.* Machinery and electrical machinery were projected 
to increase in the future while textiles, rubber and apparel were 
projected to decline in the study area. 


Identification of Energy Intensive Industries. Recognizing 
the potential negative effect of an energy crisis and the present 
disproportionately high cost of fuel in the study area, the staff 
identified companies in the study area which are energy intensive. 
These are industries whose fuel and electric energy cost are 
highest in relation to total cost of materials. The following 
industries are the most energy intensive. ** 


¥First National Bank of Boston, "Prospects for the New England 
Economy," p. 11. 

**"An Appraisal of the Economy of Massachusetts with Proposals for 
an Economic Strategy," K. Heinz Muehlmann, 1971. 
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‘Fuel and energy cost as % total 


Industry cost of material 
Stone, clay, glass 10.35% 
Chemicals 6.32% 
Primary metals. 6.01% 
Paper 5.11% 
Lumber 3.28% 
Rubber 3-72 


Identification of Growth Industries. Growth industries for 
the United States, New England, and Massachusetts have been 
identified by four-digit SIC (Standard Industrial Classification) 
numbers. Identifications were made with the help of the data 
supplied by the business research department of the First 
National Bank of Boston and from data contained in the 1963 and 
1967 Censuses of Manufacturers and Business=-Wholesale Trade. The 
names of the growth industries are contained in Appendix O. 


Criteria were established consistent with the First _ 
National Bank data, which had to be entirely met before an 
industry in the study area was judged to be a growth industry 
_ and projected to increase its employment. 

The criteria are outlined as follows: 
A. Manufacturing 
1. United States Industries 


a. Identified as the fastest growing industries in the 
United States by the First National Bank. 


2. New England Industries 


a. An increase in industry productivity* from 1963 to 
1967; 


b. A stronger rise in productivity in the New England 
industry than for the same industry in the United 
States economy ; 


c. Productivity rates (for 1967) that were above the 
United States average for the industry studies; and 


*®Productivity - value added by manufacture divided by number 


of production workers. 
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d. A stronger rise in the New England industry's capital- 
labor index* relative to the United States average 
for that.4industry « 


3. Massachusetts Industries 


a. An increase in industry productivity from 1963 to 
1967; 


b. A stronger rise in productivity in the Massachusetts 
industry than for the same industry in the United 
States economy; 


c. Productivity rates (for 1967) that were above the 
United States average for the industry studies; and 


d. A stronger rise in the Massachusetts industry's 
capital-labor index relative to the United States 
average for that industry. M 


e.“-Meet at least three of the above criteria relative 
to She same industry in the New England economy. 


B. Wholesale 
1. United States Industries 
a. An increase in total sales adjusted by the wholesale 
price index from 1963 to 1967 of greater than 20 
percent. 


2. New England Industries 


a. An increase in total sales adjusted by the wholesale 
price index from 1963 to 1967. 


b. A greater percentage increase in total sales for the 
New England Industry than for the United States 
Industry. 

c. A greater percentage increase in sales per establish- 
ment for the New England Industry than for the 
United States Industry. 

3. Massachusetts Industries 

a. An increase in total sales adjusted by the wholesale 

price index from 1963 to 1967. 


*Capital Labor Index - value added by manufacture divided by 
total production worker wages paid. 
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b. <A greater percentage increase in total sales for the: 
Massachusetts Industry than for the same industry 
in New England and the United States. 


c. A greater percentage increase in sales per establish- 
ment for the Massachusetts industry than for the 
same industry in New England and Massachusetts. 


Summary of Manufacturing Analysis. The results indicate 
approximately 1,400 companies in the 1 to 150 employee category 
which are declining industries and about 200 which are growth 
industries. Of the companies with over 150 employees, approxi- 
mately 900 are declining industries while 150 are growth 
industries. This represents approximately 40 percent of the study 
area industrial base which is declining and 7 percent which is 
likely to expand. The remaining 53 percent of the industrial base 
appears stable.* The results of this analysis became the basis 
for projecting declines in the study area manufacturing employment. 


Analysis of Nonmanufacturing Industry 


Local, regional, and national employment trends were 
analyzed in order to begin a framework for making assumptions 
about nonmanufacturing employment projections. Table 3-7 shows 
a comparison of projected regional and national trends by employ- 
ment sector. Export industries were assumed to generate 1.3 jobs 
per employee. 


Study Area Projections 

Assumptions. The economy of the study area is presently 
in the midst of transition from primarily a manufacturing to a 
service-oriented economy. The traditional emphasis on nondurable 
goods industries, particularly textiles and leather, has shifted 
dramatically to durable goods manufacturing. High taxes, labor, 
and fuel costs contributed to the decline in nondurable goods 
industries and are assumed to continue having a negative effect. — 


Between 1947 and 1970, the City of Boston lost close to 
half of its manufacturing jobs while the study area as a whole 
lost only about 5 percent of the same type of jobs. Although 
much of the loss in Boston was a result of jobs moving to the 
Suburbs, some employment moved from the study area altogether. 


Industrial base — All manufacturing employment. 

Export industries - Any industry located in the study area which 
receives more than 50 percent of its income from sales outside 
of the study area. a 
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TABLE 3-7. COMPARATIVE PROJECTED TRENDS IN EMPLOYMENT 


1970 to T9801) 1970 to 19802) 
regional trend national trend 


Agriculture -25% -22% 
Mining -59% -10% 
Construction 31% 23% 
Transportation, communication, 
utilities - 9% 6% 
Trade 15% 18% 
Finance, insurance, real estate 12% 19% 
Services 21% 29% 
Government 6% 27% 
Manufacturing 
Durable -12% 9% 
Nondurable -69% 7% 


1. Floyd, Charles F., "Changing Structure of Empioyment and 
Income in the Northeast Region," U.S. Department of Commerce, 
1971. 

2. U.S. Bureau of Labor Statistics. 


Manufacturing jobs have generally paid higher wages and 
account for higher productivity than service industry jobs, so 
the consistent loss in manufacturing employment in recent years 
has caused considerable concern with some economists. Other 
economists feel that service industries are more attractive 
because they are relatively more stable, being less sensitive to 
taxes, fuel, and labor costs. For purposes of this study, we 
have assumed the transition to a service economy will continue. 


Based on the analyses presented above and on the study of 
forecasts previously made by others, the following assumptions 
are made as the basis of our projections. 


The factors expected to negatively influence economic 
growth in the study area are:* 


1. Fuel costs are 10 to 20 percent above the national 
average. 


2. Industrial power costs are 10 percent above the 
national average. 


3. Massachusetts is barren of mineral resources. 


®Boston Transportat 


: ion Planning Review, "Regional Framework," 
D>4A2. 
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7. 
8. 


Very little good farmland exists in the state. 


Locations are not well suited for distribution to 
national markets. 


Unskilled labor is more expensive. 
Cost of living is above the national average. 


High state and local taxes are prevalent. 


Certain political and economic assumptions which are 
reflected in the projections are: 


be 


10. 


The study area's output will grow at a slower rate 
than the nation. The period from 1970 to 1990 will 
be one of relatively slow growth in employment. 


Industries related to defense will decrease in 
employment. 


Insurance, medical services, private education, 
and business services will continue to be the most 
important nonmanufacturing export industries. 


Employment in manufacturing will decrease. In particu- 
lar, paper, leather, and electrical machinery will 
decrease between 1970 and 1980. 


Finance, real estate, business and professional 
services will experience rapid growth. Tourism will 
increase. 


The anticipated growth in labor supply will be more 
than adequate to meet the increased demand for white 
collar workers. 


Federal research programs will not increase sub- 
stantially in the study area. 


Environmental protection will have a negative effect 
on manufacturing. The effect will be disproportion- 
ately negative in the study area. 


The energy crisis will have a negative effect on the 
study area. 


High unemployment, welfare payments, and taxes will 
not be alleviated until after 1980. 


Be 


’ 


Trend Projections. Five categories of employment were 
forecasted to the year 2050. 


I-l Dry Manufacturing - Little or no process water 
use. 


I-2 Wet Manufacturing - Moderate levels of process 
water use. 


I-3 Wet Manufacturing - Heavy use of process 
water. 


I-4 Industrial Nonmanufacturing - Includes agriculture, 
mining, construction, transportation, communications, 
utilities, and wholesale trade. 


I-5 Commercial - Includes retail trade; finance, insurance 
and real estate; services; and government. 


Manufacturing employment was disaggregated into two-digit 
SIC categories. Each two-digit category was projected indepen- 
dently based. upon its past performance in the region and expected 
future performance locally in view of the conditions set forth in 
the analysis section. The projected two-digit categories were 
reaggregated into categories I-1l, I-2, and I-3. 


Nonmanufacturing employment was projected independently 
by major SIC category based upon past performance and expected 
regional trends. The projected SIC categories were aggregated 
into the categories I-4 and I-5. 


Checks for Reasonableness. Several checks for reasonable- 
ness were made on the employment projections. 


1. The study area was analyzed as a share of the United 
States labor force and employment for 1957, 1965, 
1968, and 1980. A services-oriented economy with a 
4 percent unemployment rate was assumed for the 
United States employment. It was assumed that the 
study area would have a decreasing share of the 
United States employment. The allocated share method 
is most useful as a check of reasonableness in 1980 
because reliable U. S. employment forecasts beyond 
1980 were not available. 


2. The employment projection was found to be compatible 
with the labor force (age 15 to 64) projected indepen- 
dently by the cohort-survival model. During the 
period from 1970 to 2020 the low population projection 
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shows labor force to increase at a slightly faster rate 
than the low employment projection. The result will 

be a slightly lower labor force participation rate 
until 2020. Table 3-8 shows the labor force parti- 
cipation rate (ratio of labor force to employment) for 
the study area. 


3. The computer program MCURVE was used to measure the 
relationship of net migration and total employment. 
The index of determination was 0.8 which was con- 
sidered to be acceptable. 


TABLE 3-8. LABOR FORCE PARTICIPATION RATE 
1970 1990 2020 2050 


Low labor force participation 72 66 67 79 


High labor force participation T2 71 Tt Tz 


Selected Study Area Projections 


Figure 3-7 and Table 3-9 shows the high and low regional 
employment totals selected for the study area. Projections that 
have previously been made by others generally fall above the 
range of our forecasts. We feel that somewhat lower projections 
than have been made in the past are justified in view of recent 
trends in manufacturing and military employment. 
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CHAPTER 4 


ALTERNATIVE ALLOCATIONS OF POPULATION AND EMPLOYMENT 


EMPIRIC Model: An Overview 


Background 


Regional needs for wastewater collection and treatment 
facilities are based on the demands created by various land 
uses, such as residential development, and commercial activity. 
In the previous chapter we presented the forecasts of total 
regional employment and population. However, to meet the 
objectives of the MDC wastewater study, there is a need of a tool 
for the systematic allocations of population and employment to . 
various subareas. Therefore, a regional activity allocation model 
was considered to be appropriate. 


Several models of this type have been developed most of 
which are associated with transportation studies and forecasting. 
One of these models, the EMPIRIC Activity Allocation Model met 
the above needs and was selected for the following reasons: 


1. It was felt that it could be generalized and used 
for wastewater planning purposes. 


2. It was used previously in the Boston metropolitan 
area thereby providing a data base for the year 
1963. 


3. It has been used successfully in other metrovolitan 
areas in the U. S. and has been modified with 
improvements with each use. 


Model Structure 


The version of the model calibrated for this study con- 
sists of nine simultaneous eauations which attempt to allocate 
four categories of households and five categories of employ- 
ment; more specifically, each of these categories is expressed 
as a "change in share" the change between the base year and the 
target year of a forecast interval in a district's share of the 
regional total of that activity. 


The independent variables, or the variables on the right- 
hand sides of the equations which exert causal influence on the 
nine dependent or forecast activities, include: lagged vari- 
ables; accessibility variables; developability variables; and 
policy variables. 
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The larped variables represent base-year values of the 
dependent activities. 


The accessibility variables represent measures of the 
availability of specified activities to each district, and are 
computed in one of two manners: using a negative exponential 
relationship such that accessibility decreases directly with 
increasing separation; or using an "opportunity" calculation, such 
that the measure simply represents the auantity of activity with- 
in specified separation limits, for example, manufacturing jobs 
within 10 miles. Since interdistrict travel times were not 
available for this study, airline or great circle distances 
between district centroids were used instead. The district 
centroids represent the center of population of each analysis 
district. The resulting variables represent not so much time 
accessibility measures as proximity measures. While this does 
limit the sensitivity of the model to major transportation 
improvements, it is felt that, on a regional basis, these distances 
are reasonably good proxies for travel times, which could not 
otherwise be adequately estimated within the time frame and 
budget of the present study. Furthermore, some sensitivity to 
these improvements is retained by the inclusion of a few simple 
district-level transportation measures, as discussed below. 


The developability measures represent various combinations 
of the quantities and mixes of activities and land uses in each 
district, these being felt to impact on a district's potential 
for development. - 


Finally, the policy variables represent descriptions of 
certain aspects of the environment which are largely controllable 
by governmental policy, and include sewerage measures and trans- 
portation measures. The former are enumerated by simply 
distinguishing between land which is and which is not "sewered", 
and then estimating the acres of land served/to be served by 
public sewer. For future years, this was estimated in terms of 
the percent of developable land sewered. The transportation 
variables reflect both highways and rapid transit systems, and 
include measures of physical facilities as well as land areas 
within specified proximities of these facilities. 


To achieve Statistically more reliable causal relationships, 
many of the above measures were combined with one another in the 
creation of independent variables; especially, transportation and 
sewer measures were weighted by developability measures. Also, 
like the dependent variables, the independent variables were 
converted to cnanges in share or, Simply, base-year shares. 


In summary, then, the model allocates, as a function of 
policy and nonpolicy measures, the following activities: 
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low income households (0-15 percentile), 0 to $5,500; 


lower middle income households (15-55 percentile), 
$5,500 to $12,000; 


upper middle income households (55-80 percentile), 
$12,000 to $19,200; 


high income households (80-100 percentile), over 
$19,200; 


"dry" manufacturing employment, for example, furniture 
or small arms manufacturing; 


"wet" manufacturing employment, for example, food 
canning or chemical manufacturing; 


"very wet" manufacturing employment, for example, 
petroleum refining; 


industrial/nonmanufacturing employment, for example, 
wholesale trade, construction and mining; and 


commercial (including government) employment, for 
example, retail trade, insurance, services. 


The causal nonpolicy measures include, in addition to the lagged 


variables: 
ri 
a 
3. 
4, 
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net residential acres; 

net industrial-manufacturing acres; 

net industrial-nonmanufacturing acres; 

net commercial acres; 

vacant acres (available for development): and 
interdistrict airline distances* (including average 


intradistrict distances based on total district 
areas). 


*The interdistrict distances were computed based on district 
centroids estimated for 1970 activity distributions. The same 
centroids were used for all forecast years inasmuch as this 
avoided the necessity of recomputing distances and as it was 

felt that changes, and the resulting impacts on the accessibility 
variables, would be minor. 
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The causal policy measures include: 


i. 


5s 
6. 


acres within 1 mile of one or more highway inter- 
changes (having local access); 


acres within 1/2 mile of one or more rapid 
transit stops; 


numbers of rapid transit stops; 


numbers of commuter rail stops; 


miles of Interstate and other primary highways; and 


acres of land served by public sewer. 


Use of Model 


Using data collected for 1960 and 1970 the model was 


calibrated. 


The procedure for calibration consists of structuring 


the equations and estimating the coefficients of the equations. 
The calibrated model was tested by forecasting from 1960 to 1970 
and comparing the results with the given data. The calibrated 
model was used to allocate by 10-year intervals the 1980, 
1990,...2050 projections of employment, population, and land use. 


Data Assembly for Calibration “a te 


Data input to model calibration included the following: 


a 
ae 
3. 
4, 
5. 
S. 
T. 


1960 
1960 
1960 
1960 
1960 


and 1970 population data; 

and 1970 employment data; 

land-use data; 

and 1970 utilities (sewer and water) data; 


and 1970 transportation data; 


Major center data; and 


1960 and 1970 interdistrict distances (measured from 
estimated centroids of district activity). 


All data was provided for each of the 125 allocation districts 
comprising the study area, and all districts were input to model 
calibration, 
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Population Data 


Population data:for 1970 was obtained from U. S. Census 
sources. This data was provided at the district level, and 
included total population, population in group quarters, and 
numbers of households in each of 15 income ranges. Households 
by income range were estimated by applying the percentage of 
families by income range, from the Census, General Social and 
Economic Characteristics, to the households. Comparable 1960 
data was obtained from a tape prepared several years ago for the 
EMRPP (Eastern Massachusetts Regional Planning Project). 


Since the EMPIRIC model calibration was to be carried 
out on an IBM system 370/155, appropriate data tape conversions 
were made and a standard EMPIRIC data set containing 142 data 
items for each of 125 districts was produced. Appendix A lists 
the basic variables which were used or combined to form the 142 
data items. 


Pertinent 1960 data items on the resulting data set 
included, for each district, total population, group quarter 
population, total households, total families, total unrelated 
individuals, median family income, median income of families plus 
unrelated individuals, and number of families in each of 13 income 
ranges. A subroutine of the EMPIRIC data conbination program, 
"COMVAR", was then written which, based on these data, estimated 
the number of total households, families plus unrelated-individual 
households, in each of these 13 income ranges. 


Because of the uncertainties of inflation and the generally 
rising levels of affluence, it was felt more appropriate to deal 
with income on a percentile basis rather than on a dollar basis, 
for example, households in a given district which are among the 
lowest 10 percent in terms of annual income, rather than house=- 
holds in a district having an annual income of less than, say, 
$3,000. Thus, for both 1960 and 1970, another COMVAR subroutine 
was used to convert the district-level households-by-income-range 
data to housholds=-by-income-percentile data. Uniform distribu- 
tions were assumed within each income range. 


Twenty categories of 5-percentile ranges were thus 
generated. These categories were than converted to the change- 
in-share format being utilized for the dependent or output 
variables in the model, for example, the change between 1960 and 
1970 in the percent of the region's households in each percentile 
category which reside in a district. The resulting variables 
were then subjected to factor analysis to aid in combining these 
20 variables into a fewer number to be used as dependent variables. 
This technique organized those variables having high statistical 
association. In the present context, these variables can be 
interpreted as exhibiting similar locational tendencies. Based 
on the factor analysis results and on subjective reasoning, the 
following dependent variables were defined: 
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- low income households (0-15 percentile); 


lower middle income households (15-55 percentile); 
- upper middle income households (55-80 percentile); and 
- high income households (80-100 percentile). 


Employment Data 

Requirements for the wastewater study included five cate- 
gories of employment to be projected. Estimates of manufacturing 
employment, classified by amount of water use, are as follows: 

I-1 Dry manufacturing 

I-2 Wet manufacturing 

I-3 Very wet manufacturing. 


Two categories of nonmanufacturing employment representing 
aggregations of major SIC categories were also designated. 


I-4 Industrial nonmanufacturing 
I-5 Commercial 


_ Lists of SIC categories for each variable can be found in 

Appendix N. ‘ 
The Massachusetts Division of Employment Security (DES) was 

the primary source of employment data. As DES reports only 70 
percent of total employment, estimates were made of noncovered 
jobs in order to approximate total employment. Government and 
institutional employment was estimated based upon an extensive 
telephone survey. Other noncovered jobs were determined based 
upon metropolitan employment estimates by the Boston Redevelop-= 
ment Authority and State-wide estimates by DES. 
Water and Sewer Data 


Estimates of the following water and sewer data for each 
allocation district were generated: 


- acreage served by public sewer in 1960: 
- acreage served by public sewer in 1970; 
- acreage served by public water in 1960; and 


—- acreage served by public water in 1970. 
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Data on acres served by public sewer and acres served by 
public water systems was derived from the 1960 and 1970 U. S. 
Census and the Water and Sewer Inventory prepared for MAPC in 
1965. 


Land--Use Data 


The land-use data is not a direct output of the model, but 
is estimated based on forecast activity of population and employ- 
ment growths plus exogenously specified development densities 
and other land development policies such as, public acquisition 
of permanent open space. Future year land-use estimates are 
required for the wastewater management study and are also needed 
for the base year of each forecast interval, as inputs to the 
application of the activity allocation model for the subsequent 
interval. 


For calibration, thus, land-use data was required only for 
the base year of the calibration interval, 1960. This data was 
estimated for each district based on 1960 households and employ- 
ment data, plus appropriate 1963 densities derived from an EMRPP 
tape containing complete 1963 population, employment and land-use 
data for the 626 traffic zones comprising the EMRPP study region. 
These data were aggregated from zones to allocation districts and 
required district-level population, employment, and land-use data 
was estimated. The aggregation was approximate since traffic 
zones do not conform exactly to city and town boundaries. 


These procedures resulted in the following 1963 district- 
level data: 


- total households; 


- five categories of employment; and 


- nine categories of land-use. 


The five employment categories to be allocated in this study, as 
defined earlier, were aggregated from the EMRPP's two-digit SIC 
code data. Since the three-way division of manufacturing employ- 
ment is defined partly at the three-digit SIC level, any employ- 
ment in the affected two-digit categories was apportioned simply 
in accordance with the number of corresponding three-digit 
categories falling within the "dry", "wet", and "very wet" 
definitions. 


The land-use categories with which the present study deals 
were defined jointly by M&E and PMM&Co. in conjunction with the 
Metropolitan Area Planning Council (MAPC). These categories are: 


1. Residential - All residential dwellings including 
trailer courts, apartments, boarding houses, and 
residential construction. 


2, Commercial - Includes notels, retail establishments, 
office buildings, banks, hospitals, etc. 


3. Industrial/manufacturing - Manufacturing plants and 
factories. 


4, Industrial/nonmanufacturing - Bus terminals, port 
facilities, wholesale trade and warehouses. 


5. Extensive industrial - Railroad facilities, airports, 
mines and gravel pits, utilities and treatment plants. 


6. Extensive institutional - Universities, military 
institutions. 


7. Streets and highways (including major parking 
faciidities )% 


8. Restricted open spaces - Parks, golf courses, amuse- 
ment areas and water. 


os Vaeant- Qdand. 


Specific EMRPP land-use codes for each category can be found in 
Appendix N. 


The residential, commercial, and two industrial categories 
are computed in each district after each 10-year forecast on the 
basis of the forecast households and employment plus exogenously 
specified development densities. Streets and highways are computed 
as factors of growths in the other categories. Restricted open 
space, extensive industrial, and extensive institutional lands 
are withheld from development during the forecasting chain except 
when specifically released to relieve land shortages in certain | 
instances. 


Consistent with this approach, the following net densities 
were computed for each district for 1963: . 


- residential (total households divided by residential 
acres); 


- commercial (commercial employees divided by commercial 
acres); 


- industrial/manufacturing (total manufacturing employees 
divided by industrial/manufacturing acres); and 
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- industrial/nonmanufacturing (industrial/nonmanufacturing 
employees divided by industrial/nonmanufacturing 
employees). 


Since a few of the districts contained industrial activity in 1960 
but had no industrial employment and/or land-use according to the 
1963 data, average densities for the city of Boston and for the 
remainder of the MDC study region were computed and used as 
default values: these included industrial/manufacturing densities 
of 125.0 and 40.8 employees per acre for Boston and nonBoston 
districts, respectively, and corresponding industrial/nonmanufac- 
turing densities of 49.0 and 20.1 employees per acre. 


The assumption was then made that densities were the same 
in 1960 as they were in 1963, and estimates of 1960 residential, 
commercial, and two types of industrial land use were prepared 
by dividing the 1960 households and appropriate employment cate- 
gories in each district by the corresponding 1963 densities in 
that district. Acres of streets and highways were backdated by 
Subtracting or adding, as appropriate, an amount of land equal 
to l2 percent of the change in residential, commercial, and 
industrial lands. Extensive land-holdings and restricted open 
space were held constant. Vacant land was estimated as a resid- 
ual. To correct for the acreage discrepancies between the cities 
and towns and the corresponding zonal aggregations, all land 
areas were scaled to total district acreages. 


This data was then reviewed, noting particularly districts 
where the EMRPP acreages were scaled up or down by more than 10 
percent, districts having little or no vacant land, districts 
with large extensive land-holdings, and districts experiencing 
significant growth during the early 1960's. Appropriate changes 
and corrections were noted, and the data set was updated to 
provide the 1960 land-use data to be input to model calibration. 


Similar procedures were followed to produce estimates of 
the 1970 land-use data, since it was convenient to do this simul- 
taneously with the estimation of the 1960 data. The 1970 data, 
however, was not required for model calibration, but was prepared 
for model application. 


Transportation Data 


The following items of transportation data were provided 
for each district for 1960 and for 1970. 


- miles of Interstate highways; 


miles of non-Interstate primary roads; 


—- miles of rapid transit rights-of-way; 


miles of commuter rail rights-of-way ; 
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-~ miles of railroad rights-of-way for 1970 only; 


- number of highway interchanges at which there is access 
to the local street system; 


- number of highway ramps to/from local-access streets; 
- number of commuter rail stops; 
—- number of rapid transit stops; 


- miles from center of population to nearest highway 
interchange; 


— number of rapid transit stops within one mile of the 
district centroid; 


- total acres, excluding water area, within two miles of 
one or more local-access highway interchanges; 


- total acres within one mile of one or more highway 
interchanges; 


- total acres within one-half mile of one or more highway 
interchanges ; 


- total acres within one-half mile of one or more rapid 
transit stops; and S 


- total acres of vacant land 1/2, 1 and 2 miles from 
highway interchanges. 


Major Centers 


The EMPIRIC model allocates population and employment 
based upon the relative development potential of each analysis 
district in terms of public Pacilities, accessibility? existing 
population and employment. Political decisions which locate 
unusually large concentrations of population and employment, 
Such as Prudential Center, would bias the model. There fore, 
Prudential Center and Government Center were Segregated during 
calibration in order that the model not be biased. 


For both major centers, an estimate was made of total 
employment by category and total population by income range. 
Income range was estimated based upon rents, in the case of 
Prudential Center. 


Inter-District Distances 


Using Census maps showing population concentration, 
centroids of population in each district for 1960 and for 1970 
were estimated and inter-district airline distances were computed. 
Also, average intra-district distances based on total district 
areas were calculated. The 1960 distances were then input to the 
computation of accessibility of activity proximity measures. The 
1970 distances are used to compute comparable measures for input 
to model application for the first forecast interval. 


The Calibration Process 

Creation of Variables and the Final Calibration Data Set 

Using standard EMPIRIC programs, all basic items of 1960 
calibration data, except the distance matrices, were merged into 
a Single data set. These data items were to be used in the 
creation of variables to be tested during the calibration process 
for possible inclusion in the model; 48 data items were thus 
included. A comparable 1970 data set was also created, as shown 
in Appendix A. 


Using these basic data items, variables of the following 
types were then computed: 


1. Accessibility/opportunity measures; 

2. "developability"™ measures ; 

3. utilities measures; 

4. transportation system measures; and 

5. combined utilities-transportation measures. 

The accessibility and opportunity measures are activity- 


specific, and computed using the EMPIRIC accessibility computation 
program ("ACES"). The accessibility measure is of the general form 


D> Rype Pgh = accessibility of district 
=1 ge to activity i 


where R,, = the quantity of activity i in district h; 


H the total number of districts in the study region; 


e the base of natural logarithms; 
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= travel impedance between districts g and h (approxi- 
mated in this instance by airline distance); and 


cr 
I 


gh 


tw 
ul 


an empirically derived factor (set equal to 0.15 for 
this study). 


Because distance rather than travel time was used, the resulting 
measure might more appropriately be thought of as an indicator of 
proximity to activities of specified types, but the term accessi- 
bility has been used. 


The opportunity measure requires similar inputs to those 
needed for the accessibility measure, but is formulated simply 
as the quantity of activity or number of "opportunities" reachable 
within specified travel impedance limits, for example, the number 
of manufacturing jobs within 10 miles of a district. 


The developability measures attempt to define base-year 
activity and land-use characteristics which impact on the abilit; 
and propensity of the allocation districts to accommodate various 
types of development. These measures were created by combining 
the basic household, employment, and land-use data in various 
configurations which indicated statistically reliable causal 
relationships. 


The utilities and transportation measures, in turn, are 
created by combining the various basic utilities and transportation 
system data with certain land-use characteristics or with other 
developability measures. This has also been done with the accessi- 
bility and opportunity measures. In addition, several composite 
variables have been created by combining sewer and transportation 
measures; such as the number of highway interchanges in a district 
weighted by the ratio of sewered to total district acreage. 


All measures were computed for 1960. In addition, where 
appropriate, comparable 1970 utilities and transportation measures 
were computed. Since, however, during model application for a 
particular forecast interval, land-use and activity levels will be 
known only for the base year of that interval, 1960 land-use and 
developability measures were combined with 1970 utilities and 
transportation measures as well as with 1960 measures. 


All measures were then converted to shares, such as the 
share or fraction of the region's commercial employment in each 
district, and/or to changes in share between 1960 and 1970. Depen- 
dent or output variables in the model are expressed as changes in 
Share, and it is convenient to also express the independent 
variables as shares or changes in share. During model application, 
changes in share are estimated for each forecast interval and then 
automatically converted back to absolute activity levels and 
scaled to exogenously supplied regional control totals. 
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Using the data items listed in Appendix A, a total of 490 
variables were created comprising a single complete data set to 
be input to the statistical analyses associated with equation : 
estimation. 


Equation Estimation 


Equation estimation, in the broad sense, encompassed the 
following steps: 


1. The specification, for each equation in the model, of 
dependent variables or output activities to be allo- 
cated; and independent variables which affect the 
dependent variables and which are input during fore- 
casting, based on hypotheses relating to metropolitan 
growth as well as on statistical analyses such as : 
bivariate correlation analysis, factor analysis and : 
step-wise regression analysis. | ; 


2. The estimation of coefficients or parameters for these 
equations using two-stage least squares, a simultaneous 
regression technique. 


3. For selected equation sets, the use of the estimated 
equations to recreate the calibration interval by 
projecting activity distributions from 1960 to 1970, 
and the statistical comparison of these "projections" 
with the actual 1970 data. 


4, Evaluation of the estimated equations based on con- 
formance with hypotheses, for example, the logic repre- 
sented by the signs and magnitudes of the coefficients 
modifying the different variables. On the statistical 
fit of the estimated equations with the data as measured 
by multiple correlations squared (R°) and by standard 
errors, on the statistical significance of the variables 
as measured with Student's "t" values, on the random- 
ness of the residuals or error terms for the various 
districts, and on the ability of the equations to 
reproduce the calibration interval, 1960 to 1970. 


5. The reformulation of equations and the repetition of 
the processes described above until a satisfactory model 
was obtained, for example, until all evaluation 
criteria were met and it was felt that further itera- 
tions would not significantly improve the model. 


These procedures are described more fully below: 
Data Analyses. As noted earlier, the household data, by 


5-percentile income ranges, were subjected to factor analysis to 
help define the household variables to be allocated by the model. 
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These variables were then input to the creation of the full cali- 
bration variable set, following which, bivariate correlation . 
analysis was performed. This analysis yielded measures of the 
correlation between every pair of variables in the data set. It 
provided indications of which independent variables were likely 

to impact systematically and significantly on each of the dependent 
variables. In addition, it indicated which combinations of 
independent variables might lead to problems of collinearity. 


Step-wise regression analysis was also run as an aid to 
equation formulation. Initially, large subsets of potential in- 
dependent variables from the calibration data set, including the 
other dependent variables -were specified for each dependent 
variable; for each of these, in turn, the step-wise procedure 
selected the single independent variable with which it was most 
highiy correlated, followed by a series of additional veriables 
which at each stage most improved the equation. The independent 
variables which were selected, the sequence in which they were 
brought in, and the partial correlation coefficients of the 
remaining candidate independent variables at each step, were 
useful for defining<trial equation sets ito be pana to 
Simultaneous regression analysis. 


Equation Formulation and Estimation. As defined earlier, 
the model is comprised of a simultaneous set of nine equations 
which systematically allocate four categories of households and 
five categories of employment. 


Regional totals of these activities for 1960 and 1970, pre- 
sented in Table 4-1, reveal certain characteristics of growth during 
this decade. Employment as a whole grew somewhat faster than 
the population, indicating a higher labor force participation 
rate and increasing worker immigration from areas outside the 
study area, such as Lowell and Brockton. The trend towards 
Smaller families was reflected by a slight decrease in average 
household size. And among the employment categories, manufac-— 
turing declined while employment in the other industries grew 
Significantly, especially in the.commercial area. 


It can also be observed that the employment categories are 
very uneven in size; "wet" manufacturing employment in 1970 
averages just over 600 employees per district, and "very wet" 
manufacturing employment in 1970 was less than one-third of one 
percent of the largest category, commercial employment. Because 
of the tendency of these activities to cluster in relatively 
large employment concentrations rather than to distribute through- 
out the region, it was expected that the manufacturing activities 
would be difficult to model. 
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TABLE 4-1. REGIONAL ACTIVITY GROWTHS DURING 
THE CALIBRATION INTERVAL 


1960 1970 Growth (2%) 
Total population 2,847,943 3,129,228 +9.9 
Household population ae738; Te7 1.3 039.322 +10.2 
Group quarter population 109 ,216 109 ,906 +0.6 
Total households 841,845 948,707 +12.7 
Total employment 1.5103.,675. 1,389,380 +25.9 
"Dry" manufacturing 238,942 223,649 -6.4 
"Wet" manufacturing 81,384 75,865 -6.8 
"Very wet" manufacturing 3,652 2,503 -31.5 
Total manufacturing 323,978 302,017 -6.8 
Industrial/nonmanufacturing 191,487 237,804 +24 .2 
Commercial _ 588,210 849,559 +444 
Average persons per household 3725 3.18 - 
Jobs per person 0.388 0.444 - 


Consequently, consideration was also given to certain alter- 
native approaches, including: 


- allocating total employment with the model and then break- 
ing this down to the three required subgroupings using 
"hand" techniques; or 


- allocating "dry" and "wet plus very wet" manufacturing 


with the model, subdividing the latter grouping by hand; 
or 


- allocating only "dry" manufacturing with the model, and 
allocating the other two categories by hand. 


Because even less statistical reliability could be foreseen with 
the use of hand techniques, and because model outputs can in any 
case be constrained in selected districts on the basis of zoning, 
availability of utilities and urban renewal between specified 
maximum and/or minimum levels, these alternative approaches were 
rejected in favor of allocating the three separate types of manu- 


facturing within the basic model if satisfactory equations could 
be estimated. 


The general procedure for formulating, estimating, and eval- 
uating models was as follows. First, a set of equations was struc- 
tured by defining the dependent and independent variables in each 
of the nine equations, based on hypotheses relating to metropolitan 
development as well as on the results of the data analyses. Para- 
meters for these equations were then estimated using the two-stage 
least squares technique. The resulting output was evaluated on 
the basis of the logic of both the signs and magnitudes of the 
coefficients modifying each variable, on the statistical signifi- 
cance of each variable as measured with the Student's "t" value, 
and on the degree to which each equation was able to fit the 
data as measured by the standard errors and multiple correlations 
square (R@). Based on these evaluations, additional sets of 
equations were formulated in an attempt to improve the model. 


Subsequent models at each iteration were built upon earlier 
models, illogical and statistically nonsignificant variables were 
deleted, and attempts were made to add additional logical and 
statistically significant variables while at the same time improv- 
ing the standard errors and R@ values of the equations. In 
particular, efforts were made to include additional significant 
policy variables, including transportation and utilities measures. 
The target for statistical significance of each variable in the 
model was the 5 percent level, which, for the 125 districts 
available, corresponded to a Student's "t" value of about 1.98. 

In addition, it was felt that to be meaningf yl, all equations 
should have multiple correlations squared (R°) in excess of at 
least 0.5, with most of the equations being considerably higher 
than that. 


Many of these criteria were satisfied early in the cali- 
bration process. However, certain improvements to the model a 
were still needed: four variables had "t" values below 1.98: the 
R2 value for the "wet" manufacturing employment equation was only 
-425; and there were conceptual problems in interpreting a few of 
the variables. A negative coefficient modifying a transportation 
variable in the lower middle income household equation, for example, 
did not seem to conform to the hypotheses. In addition, it was 
desired that marginal R° improvements be effected in certain of the 
other equations, that some additional utilities variables be 
incorporated, and that the magnitude of certain coefficients in 
the "dry" and "very wet" manufacturing equations be reduced if 
possible. Finally, it was desired to reduce data requirements 
for the forecasting phase by careful definition of the independent 
variables in the model. For example, model No. 25 had only one 
"water" variable in the high income households equation and by 
substituting a "sewer" variable, the requirement for estimating 
forecast-year acres in each district served by public water was 
eventually eliminated. 
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The subsequent models which were estimated, thus represented 
attempts to effect these improvements. In many instances, the 
changes between models were marginal, involving only a few variables. 
Because of the simultaneous nature of the equations, a certain 
amount of trial and error was needed to ascertain the probable 
effect of deleting and/or adding particular variables in the 
various equations; in all, 52 complete models were estimated. 


Re-creation of the Calibration Interval. For selected bench- 
mark models, including the final selected model, additional reli- 
ability tests were undertaken which involved attempts to recreate 
the calibration interval. Ideally, it would be desirable to test 
the calibrated model by using it to recreate an historical time 
period other than the calibration interval. For example, since 
the model was calibrated from 1960 to 1970, a test to try to 
recreate 1960 population and employment distribution based on 
1950 data would be desirable. Unfortunately, such an approach 
would require additional data for another point in time. As these 
data were not available, the only reasonable test to which the 
model could be subjected was the recreation of the calibration 
decate. Accordingly, the following procedures were undertaken 
for the final selected model, as well as for several earlier 


versions. 


The estimated model was tested on the 1960 data to estimate 
1970 employment and households-by-income. The monitoring program 
was then used to eliminate any negative values contained in these 
forecasts. 


The resulting activity estimates were then input to the 
reliability testing program in the EMPIRIC package ("RELIAB"). 
This program produces statistical comparisons of "observed" data 
with calculated data. The final monitored estimates of both the 
1970 values and the 1960-1970 growths of the households-by-income 
and employment-by-industry categories were thus compared against 
their observed counterparts. The results of these comparisons, for 
the final mod2l, are summarized in the following section. 


Model Evaluation and Selection. The final calibrated model, 
No. 52, is summarized in Table 4-2. This model was selected after 
it was felt that it satisfactorily met the various logical and 
statistical criteria, and that significant improvements could not 
readily be achieved by continued model restructuring. 


As indicated in Table 4-2, the R@ for four of the nine 
equations is 0.84 or higher; for four of the remaining five, it 
is above 0.63, and for the ninth, it is 0.51. Furthermore, of the 
total of 52 dependent and independent variables on the right-hand 
Sides of the equations, all but two are statistically significant 
at the 5 percent level or better, as measured by Student's "t" 
values. Thirty-nine of the 52 variables are significant at the l 
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TOTEMP 
MFGAC 
INMAC 
COMAC 
EMPAC 
RESAC 
USEDAC 
VACAC 
DEVAC 
ACTHH 
ACCOM 
ACEMP 
OPTH10 
NORT 
NORTCR 
MIHI 
ACIN1 


ACRTH 


SEWAC 
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Beseripréen of Terms in Table 4-2 


Low income households 

Lower middle income households 

Upper middle income households 

High income households 

"Dry" manufacturing employment 

"Wet" manufacturing employment 

"Very wet" manufacturing employment 
Industrial/nonmanufacturing employment 
Commercial employment 

Total households 

Total wet manufacturing employment = MFG2+MFG3 
Total manufacturing employment = MFG1+MFG2+MFG3 
Total employment 

Net industrial/manufacturing acres 

Net industrial/nonmanufacturing acres 

Net commercial acres 

Net employment-intensive acres = 
Net residential acres 

"Used" acres = EMPAC+RESAC 
Vacant acres 

"Developable" acres = USEDAC+VACAC 

Accessibility to total households 

Accessibility to commercial employment 
Accessibility to total employment 

Total households within 10 miles 

Number of rapid transit stops 

Number of rapid transit plus commuter rail stops 
Miles of highways 

Total acres within one mile of one or more highway 
interchanges 

Total acres within one-half mile of one or more 
rapid transit stops 

Acres served by public sewer 


MFGAC+INMAC+COMAC 


A Indicates "change-in-share" variables; all others are base-year 


shares. 


To conform to data which will be available during 


model application, the "change-in-share" transportation and 
utilities variables derive from 1970 transportation and 
utilities measures combined with 1960 activities and land-use 
characteristics. 


* Indicates "multiplied by." 


/ Indicates "divided by." 
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percent level, and 45 of the 52, at the 2 percent level. The two 
variables not meeting the 5-percent criterion are nevertheless 
significant at the 7 and 8 percent levels, respectively; one of 
these variables was retained primarily because it provided needed 
explanation of some of the variance in the dependent variable, "wet' 
manufacturing, and the other, mostly because it provided logical 
sensitivity to a desired input policy measure. 


As incicated in Table 4-3, the root-mean-square (RMS) errors 
produced when this model was used to "forecast" the 1970 data were, 
for 7 of the 9 forecast activities, less than 45 percent of the 
mean activity level, and for 5 of these activities, less than 
30 percent.* In the case of the equations for "wet" manufacturing 
employment, 65 percent, and "very wet" manufacturing employment 
100 percent, the RMS error ratios are higher primarily because 
of the small numbers of employees in these categories. 


The model is felt to reflect a realistic set of relation- 
ships, and to be sensitive to appropriate policy inputs. In 
general, activity growths seem to be most dependent on the 
growths and prior existence, "lagged" values, of other activi- 
ties. Growths in commercial employment and in the upper income 
groups seem, for example, to foster concomitant growths in certain 
other activities, while the presence in a district of manufacturing 
activity and the lower income households seems more frequently to 
be a deterrent to growth. These observations are of course not 
applicable to all activities; the presence of commercial employment 
for example, impacts negatively on growths of this activity, indi- 
cating a dispersal tendency, but positively on growth of industrial 


nonmanufacturing employment and on two of the four household 
categories. 


"Developability" and/or "proximity", accessibility or oppor- 
tunity variables are also included in eight of the nine equations, 
further describing base-year characteristics tending to encourage 
or discourage growth in the various districts. Unlike the lagged 
and developability variables, however, the proximity variables | 
reflect the presence of activity beyond the borders of the immediate 
allocation district. 


Transportation variables do not appear very strongly in the 
model, and in fact do not appear at all in four of the five employ- 
ment equations. They do make significant contributions to several 
of the equations, however, particularly to those for high income 
households and "dry" manufacturing employment, where deletion of 


*Statistical theory states that, given a "normal" distribution of 
observations, the error for two-thirds of those observations will 
be no more, plus or minus, than the RMS error. The RMS error ratio 
is computed simply by dividing the RMS error by the observed mean. 
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the transportation variables from earlier model attempts proved 
always to have a very detrimental effect on the quality of these 
equations. The negative sign modifying the highway interchange 
variable in the "dry" manufacturing equation implies that ~ 
additional highway interchanges built during a particular inter- 
val will have a deterrent effect on the growth of this activity. 
Much experimentation with this and related variables, however, 
seemed only to confirm this relationship based on the available 
data. The interpretation that has been applied and accepted, 
thus, is that, since this is a "share" model, "dry" manufacturing 
is not competing successfully with other activities for locations 
in districts having new interchanges. Growth of this activity 

is going elsewhere, and the share of regional "dry" manufacturing 
employment is declining in those districts in which the inter- 
changes were opened. The absence in the model, too, of greater 
numbers of transportation variables may be in part attributed to 
the lack of available network data, especially, inter-district 
travel times. 


‘TABLE 4-3. COMPARISON OF 1970 "OBSERVED" DATA WITH 1970 
"FORECASTS" PREPARED WITH THE CALIBRATED MODEL 


1970 activity levels 1960-1970 growths 
RMS RMS error RMS 4 big 
error ratio R2 ratio R2 
LIH 250. -220 .980 1.949 806 
LMIH 554. .183 -973 1.621 669 
UMIH 539. .284 . 886 23522 ~475 
HIH 524. 345 851 3.066 ~401 
MFG1 767. ~429 2951 -6.272 661 
MFG2 392. 646 .902 -8.878 .470 
MFG3 20. .996 -951 -2.169 .897 
INM 505. .265 993 1. 359 484 
COM 1358. .200 .996 0.649 O14: 
Description of Terms 
LIH = Low income households 
LMIH = Lower middle income households 
UMIH = Upper middle income households 
HIH = High income households 
MFG1 = "Dry" manufacturing employment 
MFG2 = "Wet" manufacturing employment 
MFG 3 = "Very wet" manufacturing employment 
INM = Industrial/nonmanufacturing employment 
COM = Commercial employment 


1. Since 1960 data are fixed (known), the absolute RMS errors 
are the same for 1960-1970 changes as for 1970 activity levels. 
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Finally, "sewer" variables such as acreages served by 
public sewer play a strong role in the model, appearing in one of 
the household equations and in all five of the employment equations. 
In two of the latter, in fact, activity growth is positively in- 
fluenced by both the existence and the growth of sewered areas in a 
district. The "change-in-share" sewer variables in both instances 
are modified by coefficients of higher magnitude than might be 
desired. For example, they will work toward allocating signifi- 
cant growth during each forecast interval to those districts 
having large areas which are designated as being sewered during 
that interval. : 


In summary, it was felt that the equations selected as 
representing the final calibrated model, embody high standards of 
Statistical and logical reliability. The regression statistics 
indicate good fit with the data, the model has been able to repro- 
duce the calibration interval with accuracy, and the relationships 
embodied in the equations appear to be logical relationships which 
would be valid in the future. It is felt, therefore, that the 
model can be used with reasonable confidence to estimate future-year 
population and employment distributions based on existing activity 
distributions as well as on those policy inputs embodied in the 
model and its application. 


Data Assembly for Forecasting 


Prerequisite to tabulating the data for future years was 
selection of a plan for regional transportation, public open space, 
and areas to be served by public sewer. 


The work in each area is as follows: First, information 
on all plans developed to date by others was compiled. Second, 
these plans and identified common elements and conflicts were 
reviewed. Third, the possible elements of such plans which 
Should be considered for input to EMPIRIC were reviewed. Fourth, 
review meetings with MAPC and MDC were held to discuss preliminary 
selections. Finally, as a result of the meetings, the system 
intended for use in application of EMPIRIC was selected. 


Regional Transportation 


The transportation documents and plans prepared by others 
and reviewed in this study are shown in Appendix B. 


Through the review process, the following significant 
factors evolved which were a major basis of selection of trans- 
portation elements to be used for EMPIRIC forecasting. 


1. Transportation priorities between the present and 
1990 within Route 128 will emphasize mass trans- 
portation systems, as opposed to highway construction. 


2. Previous regional transportation plans were based on 
significantly higher regional populations than those 
presently forecast. As an example, the transporta- 
tion plan of the EMRPP was based on a 1990 high popu- 
lation of 4,010,000 persons for the study area. 

The selected population projection for 2020 is 
4,200,000 and most probable for 2050 is 4,600,000. 


The following Highway and Rail Transportation proposals 
are selected to be used for EMPIRIC forecasting for the MDC 
Wastewater Study Area. 


For 1990 


Highway 


1. Construction of new southwest arterial street in 
cleared land between Albany Street and Forest Hills. 


2. Construction of a special purpose third Harbor 
Tunnel for transit access to Airport. 


3. Construction of a Peabody-Salem connector, Beverly- 
Salem Bridge. 


4, Construction of a Revere Beach connector, plus 
upgrading of existing Route 1 to noninterstate standards, 
and related parking to serve Blue Line Rapid Transit. 


5. Construction of I-95 north from Route 128 in Peabody 
to Danvers. 


Rapid Transit 


1. Extension of the MBTA Red Line from Quincy to 
Braintree. 


2. Extension of the Orange Line from Forest Hills to 
Route 128 in Needham and to Route 128 in Westwood/ 
Canton. 


3. Extension of the Red Line from Harvard Square to 
Alewife. 


4, Extension of the Orange Line from Malden/Melrose to 
Reading and to I-93. 


5. Extention of the Blue Line from Revere to Point of Pines. 
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For 2020 


Highway 


1. Construction of an arterial street from Forest Hills to 
Route 128/I-95. 


2. Construction of a mid-circumferential, a controlled 
access facility as noted by MAPC's 1990 Controlled 
Dispersal Development Guide, except that portion 
between Route 2 south to Route 95. 


3. Construction of a limited access facility (Route 209) 
as noted by MAPC's 1990 Controlled Dispersal Develop- 
ment Guide. 

Rapid Transit 


1. Extension of the Red Line from Alewife to Route 128 in 
Waltham and to Route 128 in Lexington. 


2. Extension of the Green Line from Lechmere to Winchester. 


3. Construction of an intown Rapid Transit circumferential 
network. 


4, Extension of the Red Line from Braintree to Weymouth. 
For 2050 . 

Rapid Transit 

1. Extension of the Red Line from Braintree to Brockton. 


2. Extension rail commuter service from Braintree to 
Plymouth. 


3. Establishment of a Rapid Transit Line from Natick/ 
Framingham (existing rail bed) to Route 128 and make the 
line express from Route 128 to Boston. 


4. Extension of the Green Line from Winchester to Route 128 
Woburn. 


The regional transportation system developing according to 
the above schedule was the basis for tabulating the transportation 
data required for EMPIRIC forecasting. 
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Regional Open Space System 


The procedure for developing the elements of a regional 
open space system for use in application of EMPIRIC was similar to 
that used in transportation. 


The open space reports and plans prepared by others which 
were reviewed are listed in Appendix C. 


The basic policy on open space was to preserve the broadest 
framework of :proposals to date. Therefore, all elements of the 
plans enumerated in the Appendix were incorporated into the 
system for use in EMPIRIC. The regional open space system con- 
sists of the adopted MAPC open space plan for the 79 municipali- 
ties; the open space plan proposals of the other regional planning 
agencies; the MDC proposal for the Charles to Charles Park; and 
the proposal of the Corps of Engineers for flood water storage 
areas in the Charles River Basin. 


Sewer Service Areas 


The besis for the 1980 and 1990 estimate of acres served 
by public sewers is the report, Projected Needs and Current Pro- 
osals for Water and Sewer Facilities*® prepared for PC in 1969. 
For each forecasting interval 1950, 1990,...2050 the acres served 
by public sewers were calculated as a percentage of total land 
acres. Land in public open space was excluded from measurements 


of public sewer service areas. Appendix D shows the percentage 
acres of land served in each analysis district. 


Other Planning Criteria 


Household sizes were developed by M&E and MAPC staff for 
each analysis district by 10-year intervals as shown in Appendix E. 
Basically household size is expected to decrease to smaller 
families according to a national trend. Typically, the larger 
households are found in suburban communities while the older 
urbanized areas tend toward smaller average households because 
of the large numbers of apartments. 


Densities were developed by M&E and MAPC staff for each 
analysis district by 10-year intervals as shown in Appendixes F, 
G, H, and I. Commercial densities, expressed as employees per 
acre of commercial land, are expected to remain the same or 
increase slightly in the future while manufacturing and industrial 
nonmanufacturing densities, expressed as employees per acre of 
manufacturing and industrial nonmanufacturing land, respectively, 


—— TS 
Projected Needs and Current Proposals for Water and Sewer Facili- 


ties, Camp, Dresser and McKee, 1969. 
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are expected to decline slightly. Household densities, expressed 
as households per residential acre, are expected to increase in 
most communities. 


Land Area Allocations for local streets and open space were 
calculated as percentages of residential and nonresidential 
growth. This is necessary so that, as households and employment 
are allocated to the various analyses districts with the EMPIRIC 
model and land is consumed according to the designated densities, 
an appropriate amount of land is simultaneously consumed for 
local streets and parks. New patterns of development such as 
cluster development and industrial parks, are expected to result 
in smaller percentages of new development areas in streets and 
higher percentages in local parks. These trends are the basis of 
the figures presented in Appendixes J and kK. 


Land Available for Development 


Prior to beginning EMPIRIC forecasting an analysis was made 
of pertinent land use characteristics in the study area. Major 
aspects of this analysis included a determination of (1) existing 
vacant land in the study area suitable for development; (2) addi- 
tional land to be reserved for open space, and (3) land occupied 
by major institutions. The end product of this analysis was 
developable land area in acres by analysis district. 


Existing Vacant Land Suitable for Development. Existing 
vacant land suitable for development was determined by updating 


the 1963 EMRPP land use inventory maps with information obtained 
from 1970 land use maps prepared by the University of Massachusetts 
for the New England River Basins Commission, Southeastern New 
England Project (SENE). The 1963 land use mapping was generalized 
to show developed or committed land, and three categories of 

vacant land — Prime I, Prime II, and marginal based upon slope, 
depth of water table and soil type. As defined in the EMRPP 
"Comprehensive Land Use Inventory Report";* Prime I vacant 

land includes vacant land most suitable for future development; 
Prime II vacant land includes vacant land that is also high in 
development potential, but not as desirable as Prime I land because 
of somewhat less desirable physical characteristics; and marginal 
vacant land includes vacant land that is relatively unsuitable 

for future development and, therefore, was withheld from develop- 
ment, where feasible. 


For each analysis district the result of this procedure 
was checked against computer generated estimates of land suitable 
for development. In each case, based on professional judgment, 
the most reasonable results were selected. 


®Prepared by Vogt, Ivers and Associates for the Commonwealth of 
Massachusetts Metropolitan Area Planning Council in 1965. 
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Additional Land Reserved for Open Space. In order to 
determine land areas to be reserved for open space, a regional 
open space system was developed from existing plans. This was 
described previously. In addition to this land, vacant land 
classified as marginal and not already included in the open space 
system was reserved for future open space. 


Land Occupied by Major Institutions. Basic to the determina- 


tion of vacant land available for development was the analysis and 
study of major institutional land holdings. 


Major institutions were defined to be those institutions 
which comprised 5 percent of the land area of a particular analysis 
district or 5 percent of the population of the analysis district. 
It was felt that institutions which met either or both of those 
criteria were institutions which had a significant impact on the 
community in which they were located. Because, however, this 
definition excluded some large institutions which had significant 
land holdings, but due to the size of the community, did not 
comprise 5 percent of the land area, the definition of major 
institutions was extended to include those which had 150 acres 
or more of land. 


No existing list of major institutions in the study 
area by population and/or acreage was available. Therefore, a 
complete list was developed using the following major sources: 


1. USGS maps from which institutions with significant 
land holdings were identified. 


2. 1970 U. S. Census from which total population living 
in group quarters was broken down by type of group 
quarters (i.e. inmate of mental hospital, inmate home 
for aged, inmate of other institution, in rooming 
house, in military barracks, in dormitories, or in 
other group quarters). 


3. Back-up files for the outdoor recreation and open 
space Inventory carried out by the Department of 
Natural Resources in 1970. These files include 
information concerning the acreage of federal lands 
owned by the Department of Defense; State lands owned 
by Mental Health, Public Health, Correction, and the 
Board of Higher Education; and private nonrecreational 
land owned by private and religious schools, colleges, 
and major summaries. 


4. The State Controller's Office - Accounts of Public 


Property, which lists and describes the acreage of 
all land owned by State institutions in 1971. 
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All the above information was developed into a comprehensive 
list of institutions in the study area by acreage and population. 
Also, based on total population and/or land areas of each munici- 
pality, those institutions comprising 5 percent of the population 
of the municipality or 5 percent of the land area were identified. 
In addition, those institutions consisting of 150 acres or more 
were identified. These then comprised a list of major 
institutions. 


All major institutions were contacted by telephone. Detaile 
information was obtained as to location, land area, institutional 
population, employment, and future plans. This information was 
combined with information obtained from other sources familiar 
with the operations of these institutions and served as the basis 
for determining during forecasting intervals whether institu- 
tional land would become available for allocation for development 
purposes. In actual forecasting, we did not use any of this 
land. 


Model Application 


The application of the EMPIRIC model was carried out on a 
"recursive" basis, for 10-year intervals. It was calibrated on 
the basis of relationships observed during the 1960-1970 decade, 
and was used to forecast, successively, the decades 1970-1980, 
1980-1990, 1990-2000, eee 2050. At each target or forecast 
year, prepatory to proceeding with the forecast for the subsequent 
decade, the status of the regional population, employment land 
use waS updated, and adjustments made to account for any exogenous 
policy inputs. 
Preliminary Small-Area Allocations 


For each decade, the following basic procedures were 
carried out for the Preliminary Small Area Allocations: 


2. prelocation of activity; 

2 computation of variables; 

3. preparation of forecasts, unconstrained; 

4, modification of the forecasts; 

5. estimation of land consumption and total population; 
6 


- additional review and modifications, 
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Activity Prelocation. To account for any explicitly desig- 
nated major centers such as the Prudential Center and Government 
Center in Boston, appropriate activity and land use would 
generally be added to the appropriate district at the beginning 
of the decade in which the center is built. Alternatively, if 
it is felt that the center would not impact greatly on other 
growth until the subsequent decade, it could be "post-located", 
or added following the forecast of the initial decade. ' 


For this study, no prelocation or postlocation of major 
centers was performed, as it was felt that no specific committed 
centers could be identified which were felt to have major impact. 
However, prelocation of land use such as modification of the 
land use data prior to forecasting was performed for two purposes: 


1. Prior to the 1980 forecasts, land in certain districts 
was deleted from the pool of vacant available land 
and transfered to a restricted open space category 
in accordance with current open space plans as 
described previously. 


2. Prior to the forecasts for each of the years 1980 
through 2050, land in designated districts was deleted 
from appropriate categories, usually vacant, and added 
to the "streets and highways" category in accordance 
with the specified additional miles of major highways 
to be constructed during each of these decades. 


Computation of Variables. The independent variables to 
be input to the forecasting block of the model were computed on 
the basis of the activities and land uses for the base year of 
that interval, the interdistrict distances, and the appropriate 
policy measures for that interval. The requisite procedures 
included the calculation of the accessibility and opportunity 
meaures, the computation of all independent variables for the 
base year and, where necessary, for the forecast year, and the 
conversion to the "change in share" format. 


Preparation of the Unconstrained Forecasts. The indepen-= 


dent variables, along with the model parameters and the regional 
control totals, were then input to the forecasting block of the 
model. The set of simultaneous equations was solved for each 
district in turn, yielding for each, estimates of the changes in 
Share of each of the four categories of households and each of 
the five categories of employment. These changes in share were 
then automatically converted to forecast-year absolute activity 
levels, and scaled to the specified regional control totals. 


Review and Preparation of Constraints. Not all policies 
pertinent to development are explicitly included in the model; 


the impacts of zoning policies, tax incentive programs, and urban 
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renewal programs, must be specified exogenously, either in terms 
of specific adjustments to selected forecasts or in terms of 
constraints on possible growth. These constraints take the form 
of minimum and/or maximum values which may be placed on any 
forecast activity in any district. If not otnerwise specified, 
a minimum activity level of zero is always assumed. Limitations 
on growths may, for example, reflect limited land availability, 
current or anticipated zoning regulations, availability of utili- 
ties, and other public services, while minimum values may be 
specified, based on such factors as urban renewal plans, types 
and ages of buildings, etc. 


These constraints were then used to adjust the forecasts. 
The constraining or adjustment process operates in such a manner 
that where a constraint is violated, sufficient activity is added 
to or deleted from that district so that the revised forecast will 
eaual the specified minimum or maximum. After all districts have 
been checked and, if necessary, adjusted, there may be for each 
forecast activity a resulting surplus or deficit. This surplus or 
deficit is then redistributed among the unconstrained districts 
such that the regional control total is maintained. The redistribu- 
tion is accomplished in proportion to absolute forecast growths. 
Thus, the effect is to add or subtract greater amounts of activity 
to or from those districts exhibiting the greatest changes. 
Since this redistribution may then cause constraints to be 
violated in some additional districts, the process is an itera- 
tive one of checking constraints, adjusting where necessary, 
redistributing surpluses or deficits, and checking constraints 
until a satisfactory equilibrium is reached. 


Estimation of Land Consumption and Total Population. 
Since the mocel allocates households, total population in each 


district was estimated following each constrained forecast by 
multiplying total households by an average persons per household 
and adding group quarter population. Average persons per house- 
hold were specified for each district for each forecast year 
based on the 1960 and 1970 data and on anticipated trends in 
family size. Group quarter population in each district was 
assumed constant from 1970 through 2050, based on the balancing 
factors of relatively slow growth rates and trends toward placing 
more of these persons in households. 


Land use data as well as population and employment data were 
required for each forecast year, so that following each con- 
strained forecast, growths of the various activities were also 
used to estimate land consumption. This was accomplished in con- 
junction with exogenously specified development densities for each 
district for each forecast interval. The process may be summarized 
as follows. 
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Growths in total households, commercial employment, 
total manufacturing employment, and industrial/non- 
manufacturing employment were tabulated. Since employ- 
ment is defined by industry breakdown rather than by 
land use, it was assumed that, of the manufacturing 

and industrial/nonmanufacturing employment in downtown 
Boston and in Cambridge, 90 percent and 30 percent, 
respectively, were in fact in office buildings. This 
employment, for land-consumption purposes, was thus 
transfered to the commercial category. 


If' any of these four growths was negative, existing 
densities are computed and used to estimate acres 
"released" or returned to the pool of land available 
for development or redevelopment. 


Positive growths were divided by the specified 
densities such as households per net acre or employees 
per net acre to estimate additional acres of residen- 
tial, commercial, manufacturing, and industrial/manu- 
facturing lands required. 


Additional acres required for new streets and highways 
were estimated as proporations of required new acres 

in each of these four categories: 20 percent was 
specified for all employment-intensive acreage in all 
districts, with varying lower figures specified for 
residential acreage. For negative growths, acres of 
streets and highways were also released up to a maximum 
of 20 percent of existing acres in this category. 


Similarly, additional required acres of restricted open 
space were computed as specified percentages of addi- 
tional required residential acres. No restricted 

open space was released if residential activity 
declined, and none was added as a result of additional 
employment-intensive activity. 


Total additional required acres for residential, 
commercial, streets and highways, restricted open 
Space, other uses was then compared with total avail- 
able acres, vacant acres plus acres released as a 
result of activity declines. If the former was 
larger than the latter, an appropriate message was 
printed giving both of these figures, and all addi- 
tional acreage requirements were scaled down to the 
available number of acres. Household and employment 
growths were not automatically constrained. All 
growths input to the land consumption estimation 
process were accommodated, albeit at higher than 
specified densities in instances where available 
lands were exhausted. 
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7. Residential, commercial, manufacturing, industrial/non- 
manufacturing, and street and highway acres were thus 
estimated as existing acres plus additional required 
acres. Restricted open space acres were estimated 
as existing acres plus additional acres. Vacant acres 
was computed as a residual. 


Additional Review and Modifications. Following completion 
of the above steps for a given forecast interval, all results were 
reviewed by MDC, M&E, and PMM&Co. and MAPC staff. Where felt 
necessary, additional constraints were specified and the fore-" 
casts further modified by iterating back through the forecasting, 
constraining, and land consumption estimating processes. This 
is described more specifically below. 


Preparation of the Small-Area Forecasts 


The model and concommitant processes were used to allocate 
activity based both on a high and a low forecast of regional popu- 
lation and employment. The high and low forecast for each fore- 
cast interval were carried out concurrently, except for 1980 and 
1990, where the low forecasts slightly lagged the high forecasts 
in order that the steps comprising the forecasting sequence could 
be refined early in the process and so that better insights into 
forecast trends could be obtained prior to specifying constraints. 


The 1980 and 1990 Forecasts. Similar procedures were 
followed for the 1980 and 1990 forecasts. For each of these 
years, the high and low forecasts were carried out initially with 
no constraints other than minimum activity levels of zero. Based 
in part on extensive review of these unconstrained foreeasts, the 
project staff developed constraints for selected activities in 
selected districts. In particular, many minimum levels were set 
for the Boston districts, with much higher activity levels being 
assumed for the high forecast than for the low. These constraints 


were then used to modify the forecasts, and land consumption was 
estimated. 


The constrained forecasts and resulting land use estimates 
were then reviewed by project staff. Districts were again noted 
which appeared to exhibit too much growth, decline, and/or change 
in income and/or employment composition. Districts were also noted 
which appeared to be consuming too much land. In particular, 
those districts which had consumed all vacant land were care- 
fully examined. Based on this review, the constraints were 
refined, additional constraints added, and a few changed and a 
revised set of constrained forecasts prepared. 


Following the final 1980 forecasts, some changes were made 
to the 1980 and post-1980 development densities. It was felt 
that pressures for significant growth being exhibited in certain 
communities would result in residential development densities 
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slightly higher than originally estimated on the basis of exist- 
ing densities and zoning regulations. In addition, industrial 
densities were revised slightly upwards in some districts. 

These revised densities were then used to estimate land consump- 
tion for the final 1980 and 1990 forecasts. 


The Post-1990 Forecasts. Due largely to limited time avail- 
able to prepare the forecasts, and also to the greater uncertainty 
associated with forecasts further into the future, the analyses of 
the post-1990 forecasts was carried out not one decade at a time, 
but rather, three decades at a time. Specifically, 2020 and 2050 
were the two primary post-1990 target years, and for both, three 
successive 10-year forecasts, 2000, 2010, and 2020; 2030, 2040, 
and 2050 were carried out prior to review of the results. The 
same procedures were followed for both the high and low forecasts. 


Also, in each case, to prevent unreasonable growths or 
declines from compounding over the three decades, an initial set 
of constraints was computed for each forecast year for each district 
based on the households and employment existing in that district at 
the base year for that forecast. These initial constraints, in- 
cluding maximum and minimum levels for all activities, were developed 
jointly by MDC, MAPC, M&E, and PMM&Co. staff based on the regional 
forecasts as well as 1960-1990 growths. In general, the constraints 
used through 2020 allowed for considerable growth and decline. 
For the 2030 through 2050 forecasts, based on the 2000-2020 
results, and on somewhat slightly smaller regional population 
growtn, tne constraints were made somewhat more restrictive. 


The two sets of constraints are presented in Table 4-4. Con- 
straints for "very wet" manufacturing employment are not included, 
as constraints for this very unique and regionwide very small 
activity were specified rather than computed: this activity was 
totally excluded every where except in Walpole and in several 
districts within the City of Boston, 


The 2000, 2010, and 2020 forecasts were thus carried out, 
first, using only these computed constraints, following which 
project staff reviewed all three forecast years and set revised 
constraints for selected activities in selected districts for 
the year 2020. Corresponding constraints were interpolated for 
2000 and 2010, and the forecasts for the three years were revised 
accordingly, starting from the 1990 base year and superseding 
any computed constraints with the revised constraints, where 
specified. 


This process was then repeated one more time for the 2000- 
2020 forecasts, with the constraints being further refined. In 
addition, average persons per household were examined and, where 
felt appropriate, revised at this point in an effort to bring 
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the population forecasts closer to the regional control totals. 
The model allocates and adheres to controls for regional house-~ 
holds rather than regional population. Preparatory to running 
the allocation model, the regional population forecasts, prevared 
with the aid of a cohort-survival model, were thus converted to 
households based on an estimated average regional household size. 


The Results 


The complete history and EMPIRIC activity allocations and 
land use from 1960 to 2050 is in Appendix L. 
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CHAPTER 5 


SELECTION OF PREFERRED PLAN 


Analysis of Alternatives 


With each forecast interval, an analysis of the high and 
low alternatives of each analysis district was carried out by 
M&E, MDC, MAPC, and PMM staff as described in Chapter 4. With 
the completion of the high and low forecasts to 2050, a check on 
the range and rates of change over the 80 years was made to en- 
Sure overall reasonableness and compatibility with the MAPC 
regional goals. 


Tables 5-1 and 5-2 show comparisons of population forecasts 
for 1990 and 2020. 


The differences with other forecasts which were noted are 
of two types. 


1. The model tended to forecast extensive declines in 
certain core area communities. Therefore, additional 
constraints were applied to districts including Lynn, 
Brookline, Chelsea, Everett, Somerville, and sections 
of Boston at the same time, the model tended to fore- 
cast extremely high growths in several communities 
which have historically maintained considerably slower 
growth rates due to restrictive land use policies. 
Therefore, for these communities, most notably Dover, 
Lincoln, Wayland, Weston, Wellesley, Duxbury, Man- 
chester, and Ipswich additional constraints were 
specified. 


2. Certain differences were noted with forecasts prepared 
by other regional planning agencies. However, although 
we differed with (CMRPC) Central Massachusetts Regional 
Planning Commission most significantly on the forecast 
for Berlin, CMRPC stated that they have no regional 
development plans linked to their forecast and, there- 
fore, expressed no objection to our projection for 
Berlin. The only significant difference with the 
Northern Middlesex Area Commission forecasts is with 
the town of Westford. We feel our figures are more 
realistic because M&E prepared the master plan for 
Westford and has extensive local knowledge of the town. 


Additional analysis of the region was made by aggregating 
small area forecasts into rings, differentiating between the core, 
inner suburban and outer suburban areas, and sectors based on 
transportation corridors as shown on Figures 5-1 and 5-2. These 
Summaries also appeared reasonable and generally consistent with 
MAPC policy. 
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MOC Study Area 


TRANSPORTATION CORRIDORS 


This final check confirmed the high-low forecast range 
presented in Appendix M. 


Selection of Preferred Plan 


The analysis of alternatives determined that the midpoint 
between the high and low forecast would be the population and 
employment activity level in each analysis district. It was felt 
that if any variation from the midpoint was considered desirable 
that the high-low range in the particular district should be 
changed. No changes were made and; therefore, the midpoints were 
selected. } 


A summary of selected midpoints for pertinent activities 
for each district 1960-2050 is presented in Tables 5-1 and 5-2, 
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CALIBRATION VARIABLES 


APPENDIX A 


CALIBRATION VARIABLES 


‘ACRES SERVEC BY PLBLIC WATER 
ACRES SERVEC BY PUBLIC SEWER 
MILES OF PRIMARY {(LIMITED-/CCESS, NGN-IANTERSTATE) RUADS 
MILES CF INTERSTATE HIGHWAYS 
MILES CF PRIMARY FLUS INTERSTATE FIGHWAYS 
MILES OF RAPID TRANSIT RIGH TS-OF—-hAY 
MILES CF CCMMUTER RAIL RIGHTS—OF-—WAY 
MI:ES CF RAPIC TRANSIT PLUS COMMUTER RAIL RIGHTS—-CF-WAY 
9 (BLANK) 
10 NUMBER OF FULL HIGHWAY INTERCHANGES 
11 NUNBER OF PARTIAL HIGHWAY INTERCHANGES 
12. NUMBER OF FULL PLUS PARTIAL HIGHWAY INTERCHANGES 
(INTERCHANGES. ITMFLY ACCESS TC LOCAL STREETS). 
13. MILES FROM CEATER CF PCPULATICN TC NEAREST HIGHWAY IAT ERCHANGE 
14 NUMBER OF KIGHWAY RAMPS (Isles TO/FROM LOCAL-ACCESS STREETS? 
15 TGTAL ACRES WITHIA 2 MILES (:F HIGHWAY INTERCEANGE 
16 TOTAL ACRES WITHIN L MILE Of HIGHRKAY INTERCHANGE 
17 TOTAL ACRES WITHIN 1/2 MILE OF HIGHWAY INTERCHANGE 
18 TOTAL ACRES hITHIA L/2 MILE CF RAPID TRAASIT STATION 
{TOTAL ACRES EXCLLCES WATER AREA IN ITEMS 15-19). 
19 '"CRY* MANUFACTURING (TL) EMPLOYMENT 
(STANCARD INCUSTRIAL CLASSIFICATION COCES 19,205, 21) 227, 22823924125, 
27,301,302, 31(EXCEPT 211) »3204 EXCEPT 324 AND 329) 9332 334 9339» 
BGC EXCEPT 347), 359365 37(EXCEPT 372 AND 373)528+39(EXCEPT 394)) 
20 *'wET® MANUFACTURIAG (12) EMPLOYMENT 
(SIC ZCCEXCEPT 205 AND 206) »22(EXCEPT 227 ANC 228) 1264 526592665267 » 
28+29{FXCERT 291) p30 EXCEPT 301 ANC 302)y5 2119324, 329; 331 _33543369 347, 
37223734354) 
21 ‘WET *® MANUFACTURING (13) EMPLOYMENT 
{SIC 206,261 52624263291) 
22 TOTAL MANUFACTURIAG EMPLOYMENT 
23. INDUSTRIAL (NON-MANUFACTURING) EMPLOYMENT (SIC 01-17, 40-50) 
24> COMMERCIAL {IACLUCIAG GCVERNMENT) EMPLCYMENT (SIC 52-94) 
25 TOTAL EMPLOYMENT 
26 =TOTAL POPULATION 
27 POPULATION IA GRCLP CUARTERS 
28 §=TOTAL FOUSEFCLDS 
29. «RESIDENTIAL ACRES 
30) COMMERCIAL {IACLUDING INTENSIVE INSTITUTICNAL) ACRES 
31 = =INDUSTRIAL (MANUFACTURING) ACRES> 
32 INDUSTRIAL (NCA-MAKNUFECTURING) ACRES 
33. = EXTENSIVE IADUSTRIAL ACRES 
34 ACFES CF STREETS AND FIGHWAYS (INCLUDING MAJOR PARKING FACILITIES) 
35 EXTENSIVE INSTETUTICNAL ACRES 


o 


CNowfwne 
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ACRES OF RESTRICTED OPEN SPACE (E.Gey RECREATIUNAL) 
VACANT ACRES 

TOTAL ACRES 

L& IACOME FCUSEHRCLES {0-15 PERCENT IEE) 

LOIER PICCLE IACLPE. HELSEROLES. £15255 FPERCERIILES 
LO:} PLUS LCWER MICOLE INCC¥= HCUSEHGLES 

UPI ER MIDDLE INCCME HOUSERHO'.DS {55-80 PERCENTILE) 
HIGH INCOME FCUSEFCLDS (80-LCO PERCENTILE) 

UPPER MIOCLE PLUS FIGH [INCG¥E HCUSEHCLDS 

AUNBER GF CC¥RUTEF RAIL STOPS 

NUIBER OF RAPID TRANSIT STCPS 

NUMBER OF COMMUTER RAIL PLUS RAPID TRANSIT STOPS 


NUIBEF OF RAPIC TRANSIT STOPS WITHIN 1 MILE CF DISTFICT CENTROID 
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TRANSPORTATION REPORTS AND PLANS 
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APPENDIX B 


TR/ NSPORTATION REPORTS AND ?LANS 


The transportation documents and plans prepared by others 
and reviewed by us are as follows: 


1. Boston Transportation Planning Review 
Alan M. Voorhees and Associates, Inc., 1971-73. 


Core Area Reports 

a. Third harbor crossing report 

b. Central artery 

ec. Circumferential transit 

North Shore Area Repor:s 

a. I-95 relocated sumnary 

b. North Shore report (I-95 north and I-95 relocated) 


Northwest Area Reports 


a. Northwest summary 

Southwest Area Reports 

a. Southwest corridor report 

b. Southwest summary 

Regional Reports 

a. Commuter rail improvement program 
b.. Regional frameworl 


ec. Regional systems 


2. Governor's Policy Stazement, November 3 
3. Transit Study for the MBTA, Thomas K. Dyer, Inc. 
4, MBTA Reports 
a. Program for mass ‘sransportation, August, 1966. 
b. Staff supplement report to report above. 


ec. Funds for transit, December 1970. 


d. Report on alternasive programs for suburban coin- 
muter service, Jaiuary 1969. 


5. Eastern Massachusetts Regional Planning Project 
a. Recommended highway and transit plan, October 1968. 
b. Guides for progress, 1968. 

6. MAPC 
a. Control dispersal development guide, 1990 


b. Composite developnent guide, 1990 


7. Joint Regional Transportation Committee Statemerit on 


Transportation Pian 
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APPENDIX C 


OPEN SPACE REPORTS AND PLANS 


APPENDIX C 


OPEN SPACE REPORTS AND PLANS 


2 


10. 


MAPC Reports 


Open space and recreation program for 
Metropolitan Boston. 


Comparative subregional forecast statistics 
for four alternative physical Metropolitan 
Development Plans, December 1966. 


-1990 Composite Development Guide: 1990 


Control Dispersal Development Guide. 


Corps of Engineers Report 
Charles River Watershed Study, April 1972. 


Open Space Study 


Central Merrimack Valley Regional Planning 
District, September 1970. 


Open Space Plan 
Old Colony Planning Ccuncil, June 1972. 


Regional Open Space ard Recreation Plan 


Central Massachusetts Regional Planning 
Commission, April 197<. 


Outdoor Recreation Plén 


State Department of Natural Resources, 
January 1973. 


Open Space Recreation Plan Summary 


Northern Middlesex Area Commission, 
September 1970. 


Metropolitan District Commission 
MDC Parklands and Recreation Facilities Map. 


BRA-Boston Redevelopment Authority 
MEMO's 


Public Open Space in the City of 
Boston, December 1967 


An update of the above memo. 
Maps 


Charles to Charles Corridor, 
including Olmstead Park. 


Summary - Open Space Proposals 
Master Plans 
Community 
Littleton - Blair Associates 
Carlisle - Allen Benjamin 


Bolton - Thome; Associates 
C=1 
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APPENDIX D 


PERCENTAGE OF LAND SERVED BY PUBLIC SEWER 
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APPENDIX E 


PERSONS PER HOUSEHOLD 
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District 1980 1990 


0091 
1002 
2003 
0006 
1905 
0096 
1c07 
ocj8 
00.9 
0610 
0011 
0012 
0013 
2014 
1015 
7916 
1C17 
1018 
2019 
0920 
062] 
1072 
0623 
0024 
0C75 
2026 
0027 
0028 
0029 
1030 
2031 
0032 
0033 
0034 
0035 
2036 
2937 
0038 
0939 
0040 
0041 
0042 
1043 
0044 
0045 
0046 
0047 
1048 
0049 
0050 
005] 
0052 
09053 
0054 
1055 
0056 
1¢c57 
0058 
0059 
0¢60 


367 
209 
366 
36 
328 
329 
320 
306 
Sue 
368 
306 
306 
369 
306 
2025 
205 
4el 
204 
Jef 
307 
306 
209 


259 


302 
320 


328 


320 
307 


307 367 
i. + ee 
305 325 
30d 302 
3.8 367 
=<  aee 
320 3-0 
306 q 306 
302 302 
3.7 326 
306 306 
306 36 
3.8 328 
325 345 
2¢5 225 
25 Ss 25 
4.0 328 
204 i> oe 
367 367 
IeT.) =, are 
326 325 
a Se 228 
2,3 343 
325 325 
304 303 
304 eh 
325 325 
304 204 
320 3-0 
3e000=0—~C—<“i‘“ tS CS 
301 3e1 
328 368 
320 320 
a. 
328 328 
365 |  ='eS 
306 365 
368 307 
325 365 
325 365 
306 >. «306 
302 302 
325 365 
328 367 
304_ 304 
209 209 
. | ee 304 
209 209 
302 302 
209 209 
ce [ee 
3e7 367 
«| me TT J 
3.8 3.7 
36.1 par 31 
367 367 
aoe Bee 
307 367 
3.0 v3 320 
3e7 3e7 
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2020 
306 306 
r 228 = 208 F 
304 304 
30> Se~ 
3e7 3e7 
- 328 Jel 
209 209 
326 306 
302 302 
326 365 
326 346 
306 306 
328 307 
304 304 
205 2e5 
225 205 
3e7 306 
- 204 204 
326 306 
306 306 
345 304 
228 a, iT 
302 327 
325 325 
303 303 
304 303 
304 364 
304 364 
320 320 
209 > Seam © 
301 320 
308 307 
320 320 
305 a 
368 307 
304 304 
365 304 
367 307 
365 305 
304 304 
306 306 
302 302 
305 365 
307 3e7 
ee 4 ee Se eS 
209 209 
304 ge ee 
209 209 
at 362 SS ee ee 
209 208 
sig y Se ee 
306 306 
Eo ts) a _Be2 a 
367 367 
3.1 ge eo 
306 306 
Ay eee 3el 
326 326 
320 3.0 
306 366 


2030 ~ 2040 
306 306 
208 2e7 
363 303 
323 303 
307 3046 
yet 306 
209 209 
326 326 
302 302 
304 Terr 
366 366 
326 3eb 
307 306 
303 303 
205 205 
205 205 
te5 303 
24 204 
306 306 
3.6 326 
“es 3 4,3 
208 2e7 
302 302 
2.5 325 
363 4e2 
363 302 
304 304 
464 304 
300 3.0 
208 223 
3.0 2e9 
307 326 
320 320 
325 325 
367 306 
303 303 
363 3403 
367 326 
305 305 
323 323 
306 306 
302 302 
365 305 
367 306 
304 304 
209 209 
304 364 
209 209 
302 362 
208 2e7 
302 22? 
306 306 
302 302 
307 306 
3.20 209 
306 306 
320 320 
306 306 
320 320 
306 306 


District 


1761 
206? 
0043 
2064 
2965 
1064 
2°67 
9C58 
9269 
on7% 
0071 
2072 
A073 
OCT4 
2075 
2076 
1077 
ae 
907° 
OnR4 
908} 
9C8? 
OcRk3 
OC84G 
0985 
1984 
9087 
198R 
2089 
NagIn 
0091 
0092 
9093 
0094 
1095 
2096 
1997 
1092 
9099 
2199 
A109] 
919? 
0193 
0194 
2195 
2106. 
1107 
lide 
1109 
Tazo 
9111 
1112 
1143 
1114 
14.45 
2116 
£147 
1118 
7119 
21209 
2121 
212? 
Loe 3 
1174 
2125 


1980 
303 
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APPENDIX F 


COMMERCIAL DENSITY 
(EMPLOYEES PER ACRE) 
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District 1970 


oc) 
1992 
2003 
CNG 
1°95 
0996 
1997 
0798 
9299 
0210 
olen @ | 
SOL? 
9°13 
7914 
1915 
7916 
1917 
1018 
2019 
9.20 
9021 
102? 
0023 
0724 
025 
2076 
oc27 
ne2a 
‘0429 
1030 
2031 
0932 
0033 
0034 
0035 
2036 
29437 
0038 
0039 
0040 
0041 
0042 
1043 
0044 
0045 
0046 
0047 
1048 
0049 
9050 
0051 
0052 
0043 
0054 
1055 
0056 
1057 
0058 
0059 
n0a°9 


4e 
306 
Be 
Ge 
5e 
36 
l2e 
2e 
136 
106 
le 
36 
Se 


‘156 


APPENDIX F 


COMMERCIAL DENSITY 
(Employees per Acre) 


1990 2000 
Be Be 
306 306 
Be Be 
Be Be 
te Te 
96 106 
12. 12e 
Be Be 
13.6 136 
Ge Be 
Be Be 
Be 8. 
Be Be 
15e¢ lée 
646 646 
186 206 
206 186 
68e 666 
Te Te 
14.6 13-6 
Be 8. 
4B 4Be 
Te Be 
Be Be 
Te Be 
9e Ge 
Te 8. 
Te Be 
Be Be 
446 446 
106. 10. 
Fe Te 
12.6 lle 
Te Te 
Te 8. 
60 Te 
Te Te 
Te Be 
Te Be 
ee Be 
8. Be 
Te Be 
Be Be 
Te Be 
Te Be 
44, 44s 
12.6 126 
386 3Be 
Te Te 
14. 14e 
Te Be 
Te Be 
13.6 136 
Te Be 
286 286 
Be Be 
256 256 
Te Be 
12. 126 
Te Be 

F-1 


Same as 
2030 


Same as 
2030 


District 1970 1980 1990 2000 2010 2020 2030 2040 2050 


1¢51 lle lle 10. 106 96 % lo. Same as Same as 
2062 be Te Te Te Te Te Te 2030 2030 
0053 4e Te Te Be Qe %e Se 
2054 19 18s 18-6 17e 17. 166 17e 
2045 15e l4e 14.6 146 14.6 lSe 14.6 
“1046 lée l6e 17e 17e 18e 186 196 
2047 16.6 166 17. 17e 186 18.6 196 
0058 le Te Te Te Be Be Be 
00459 4e Te Te Be Be 9e 96 
0070 30 Te Te Be Be 9e 9e 
0071 2e Te Te Be Be 9e 9e 
2072 17e 160 166 166 16e l6e 16.6 
0073 2le 206 206 196 196 186 196 
0074 36 Te Be Se 10.6 106 106 
2075 37e 37e 37 37e 37. 376 37.6 
2076 Re Be Se 9e 10.6 106 10. 
1077 Re 106 12e 146 14. 14. : 166 
1078 236 24e 256 256 256 256 256 
0079 12. l2e 12e 12e l2e 12. 12.6 
oc79 106 106 106. 106 10. 10. 106 
0c] 296 296 296 296 296 296 290 
0082 206 206 206 206 206 206 206 
0083 be Be Ge 106 10¢ ‘Ue 10. 
0C34 3e Te Te Be Be Se Ge 
0055 le Te Te Be Be 96 Se 
1086 426 42e 42 43 430 44 446 
OO87 le Te Te Be Be 9e Ge 
1038 10. 106. 10. 106 l2e l2e 14.6 
2049 10. 96 9e 9e Se %e 9e 
0090 4e Te Te Be Be Ge Se 
0091 36 Te Te Be Be 9° 9e 
0092 206 196 19¢ 186 18.6 17e 18. 
0093 2e Te Te Be Be De Se 
0094 36 Te Te Be Be Se 9e 
1095 236 236 236 236 236 236 236 ~ 
2096 6a Te Te Be Be 96 Ge 
1097 156 146 14.6 136 136 206 206 
1099 236 236 226 226 206 ~ 206 19s 
0099 Se Te Te Be Be 9e 9e 
2190 Te Te Te Te Te Te Be 
0101 20 Te Te Be 8. 96 Ge 
010? 26 Te Te Be Be 96 9e 
0103 3e Te Te Be 8. De Ge 
0104 Se Te Te Be 8s Ge Se 
2165 - Ge 9e Se 9e 106 106 lle 
2106 l2e l26 12. 12e l2e 156 156 
1107 236 236 236 236 236 236 236 
1108 256 250 256 256 256 256 256 
1109 106 106 106 10. 10. 106 10« 
1110 156 15e 15e 156 156 15.6 15.6 
0111 36 Te Te Be Be 96 Se 
1112 SSB. 498. 4986 498.6 498B« 498 498 
1113 15.6 17. 206 226 240 256 286 
1114 27e 276 27.6 276 27. 27e Z27e 
Le. 2le 2le 21le 21le 2le 21le 21. 
7116 12e le 14.6 156 166 17.6 18.6 
ELT 2fe 286 286 286 286 28-6 286 
1118 16.6 l6e 166 166 16.6 16. 16.6 
2119 Ge 5 be 7s Be Se 10. 
21790 10-6 10. 106 106 10. 10. 10. 
a tei | l2. 126 i2s 126 l2e 12.6 12. 
2122 196 196 19e 196 196 196 196 
1173 12e Ze i2e Lee dae TS 6 woe 
1174 1270.6 120. 120. 1206 1206 1206 1206 
2175 136 13e 136 13-6 136 13¢ 136 


APPENDIX G 


MANUFACTURING DENSITY 
(EMPLOYEES PER ACRE) 
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APPENDIX G 
MANUFACTURING DENSITY 
(Employees per Acre) 


District 1970 1980 1990 2000 2010 2020 2030 2040 2050 


oco)l 206 286 286 286 286 28e 286 Same as Same as 
2003 636 3M 3AMe 306 306 306 306 
Orns 530 306 306 306 306 306 306 
1695 198. 506 506 506 506 506 506 
0006 Se 306 306 306 306 306 306 
1007 1006 306 306 306 - 306 306 306 
ocaR 36 3Ce 306 306 306 306 306 
oco9 446 She 446 446 44 44e 44e 
0ci0 lle 306 306 306 306 306 306 
onli 4le 4le 4le Sle - ele Sle 4le 
0012 O6« 226 226 226 226 22e 226 
0013 Oe 22 226 226 226 226 226 
2014 396 396 396 396 396 396 396¢ 
1015 26%. 60. 606 606 606 606 606 
2016 336 336 336 336 336 336 336 
1017 2le 3%e 306 306 306 306 306 
1018 118. 506 506 506 506 506 506 
2019 17e 306 306 306 306 306 306 
0920 10. 306 ‘306 306 306 306 306 
0c21 336 336 336 336 336 336 336 
1022 236 236 236 236 236 236 236 
0023 6e 306 306 306 300 306 306 
0074 266 306 306 306 306 306 306 
oc2s 2le 306 306 306 306 306 306 
2026 256 256 256 256 256 256 256 
0c27 Oe 306 306 306 306 306 306 
092A Oo 306 30. 306 306 306 306 
0029 3be 306 306 306 306 306 306¢ 
1030 206 206 206 206 206 206 206 
2031 50. 306 306 306 306 306 306 
0032 10. 306 306 306 306 306 306 
0033 246 246 246 24 24e 246 24e 
0034 Oe 30.6 306 306 300 306 306 
0035 4e 306 306 306 306 : 306 306 
2036 186 306 306 306 306 306 306 
2937 50. 3O6 We 306 306 306 306 
0038 106 30e 306 306 306 306 306 
0039 Se 30e 306 306 306 306 306 
09460 246 246 24e 246 24e 246 240 
0041 Oe 306 306 306 306 306 Elery 
0042 18. 306 306 306 306 306 306 
1043 27. 27s 27e 27e 27e 27. 276 
0044 le 308 306 306 306 206 306 
0045 18. 300 306 3O0e 206 306 30. 
0946 103-6 506 50-6 506 506 506 50-6 
0047 2e 30° 306 306 306 306 306 
1948 5. 56 506. 506« 506 506 506 
0949 Be 306 306 306 306 306 306 
0050 136 306 306 396 306 306 306 
0051 466 , Ie 306 306 306 300 306 
0952 9e 306 306¢ 306 300 306 30. 
0053 1466 506 506 506« 506 506 50. 
0054 57 306 306 30» 30. 30. 30. 
1055 47. 356 356 356 356 356 356 
0756 206 306 306 30° 308 30° 306 
1957 68-6 406 40 40° 400 406 406 
0958 Te 306 306 30 306 306 306 
0959 Sle 356 356 3508 356 350 350 
O°60 Be 300 30° 20. 30» 30s 306 


G-1 


District 


1061 
2062 
6063 
2764 
2755 
1966 
2067 
0968 
0969 
0970 
0971 
2972 
0273 
0074 
2075 
2976 
LOTT 
1078 
0079 
07890 
C581 
0082 
0983 
O0C84 
0085 
1986 
0087 
1988 
2989 
0090 
0091 
09092 
0093 
0094 
1095 
2096 


1097 
1098 
0099 
2159 
0101 
0102 
0193 
0104 
2155 
2196 
1107 
1198 
1109 
1110 
0111 
1112 
1113 
1114 
1115 
2115 
1117 
1118 
2119 
2170 
2171 
2te2 
Ti23 
1174 
2175 


» 


1970 


506 
306 


360 


306 


30s 
456 


306 
306 


306 
306 


306 


306 
306 


306 


356 


2366 
356 
200.6 


306 


306 
456 
456 
506 
306 


306 


456 
306 


306 


306 
306 


306 


306 


306 


306 


306 


200 
506 


356 
306 


436 
506 


306 


306 


306 


306 


306 
306 


306 


356 
306 


50e¢ 


306 


306 


300 


300 
456 
=56 
50.6 
306 


2020 


306 
306 
Joe 
300. 
306 
506 
50.6 
30. 
306 
306 
306 
306 
306 
306 
366 
306 
306 
356 
306 
306 
456 


2030 2040 


APPENDIX H 


INDUSTRIAL NONMANUFACTURING DENSITY 
(EMPLOYEES PER ACRE) 
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APPENDIX H kh: 
INDUSTRIAL NONMANUFACTURING DENSITY 
(Employees per Acre) 


District 1970 1980 1990 2000 2010 2020 2030 2040 © 2050 


001 

0001 3e 156 156 15e 15e 156 15e ~ Same as Same as 
190? 936 39s an. 306 3%. 306 3068 
2003 24e 15e 156 156 156 15.6 156 2030 2030 
0004 21le 156 15 156 15 15e 156 
1005 34e 15e 156 156 156 15.6 156 
0005 le 156 15e 156 S850 15.6 15 
1007 17?le 756 75 75 756 75.6 75. 
00cs Se 150 156 156 15e 15 156 
0009 42e 306 306 306 306 306 306 
0010 be 156 15-6 15¢ 156 156 156 
0911 566 15.6 156 156 156 156 15¢ 
0912 2e 15e 156 156 156 15.6 156 
0013 Te 156 156 156 iS 156 156 
2014 5e 15 15. 15.6 156 15-6 15.6 
1915 2366 506 506 506 50. 506 50. 
2016 Pile 2le 21le 2Z1le 2le 2le 2le 
1017 136 156 156 156 156 15e 156 
1018 67e 506 506 506 50. 506 506 
2919 17e 15 15e 15e 15.6 156 156 
0070 Oe 156 156 15e 15-6 15e 15.6 
0021 1B. 15e 15.6 15e 156 156 15° 
1022 l4e 14. l4e l4e le i4e l4e 
0023 Be 15e 156 15e 15.6 156 156 
0024 15e 15e 15e 156 156 156 15e 
0025 166 l6e 166 166 16.6 166 le 
2025 166 l6e le 166 166 l6e 166 
0027 Oe 156 15.6 15.6 156 15.6 156 
0078 2e 156 156 156 15e 156 150 
0029 be 15e 15e 156 156 156 156 
1039 396 39e 396 396 396 394 396 
2031 236 156 15-6 15e 15e 15e 156 
0032 16.6 160 l6e 166 166 166 160 
0033 256 256 256 256 256 256 256 
0034 The 15e 15e 15e 15.6 156 15-6 
0035 le 156 156 15.6 15.6 156 15.6 
2036 Oe 5 . 

3589 fe Ss 133 iss i ise 13: 
OraR be 156 15.6 156 15e 158 156 
9039 96 1Se 156 150 156 15e 156 
0040 6e 15.6 15-6 156 156 15 a5 
0041 2le 15e 15e 15 15.6 156 156 
004? 3e 15 15.6 156 156 15.6 15.6 
1043 Se 156 15.6 156 15Se 1De LDde 
0044 14. 156 15e 156 15.6 156 15.6 
0045 3e 1Se 156 15e 15.6 156 156 
0046 37. 256 256 256 256 256 256 
0047 105. 15e 156 1S 1Se 15.6 156 
1048 436 206 206 206 206 206 206 
0049 43. 156 15e 15. 15.6 15e 15.6 
0050 236 156 l5e 15e 156 15e 15. 
0051 6e 156 156 156 ie ° 15e 156 
0052 26 15e lS. i5e 15.08 15. 156 
0053 lle lis lle lle lle VS ile 
0054 2886 156 156 156 15 15. 156 
1¢55 236 156 15.6 156 15e 15e 156 
9056 2e 15e 15.6 156 15.6 15s 15.6 
1057 75.6 506 506 506 506 506 50. 
0058 3e 1Se 15.6 15e 15.6 156 156 
oe5a Se 156 156 156 15.6 156 156 
040 Te 156 156 156 156 156 156 


pao 
I 
}-4 


District 1970 1980 1990 2000 2010 2020 2030 2040 2050 


1041 4526 506 506 506 506 506 506 Same Same 
2062 27 206 206 206 ane 206 206 as as 
00463 956 15e 156 15e¢ 15e 156 15.6 2030 2030 
2054 21le 156 15e 156 156 15e 15e 
2065 556 156 15e 156 156 15.6 15e 
“2065 556 156 15.6 156 156 156 15.6 
1946 336 336 336 336 336 336 336 
2C57 1036 50e 506« 50e 50.6 506 50« 
0068 Se 156 156 156 15e 15.6 15.6 
0069 4e 156 156 156 156 156 156 
0070 Ge 156 156 156 15. 156 156 
oc7i1 l4e 15.6 T5.0e 15¢ 15e 15e 15e 
2072 8s 156 15e 15.6 156 15 156 
0073 256 206 206 206 206 206 20¢ 
074 6e 156 156 15e 156 15e 156 
2075 14.6 l4&e 14. l4e 14. 14.6 l4e 
2076 Be 156 156 15e 156 15 156 
1077 Se 156 156 156 156 156 15.6 
1978 9e 156 156 156 15e 156 15.6 
0079 Te 156 156 15¢ 15. 15.6 156 
0080 356 356 356 356 356 356 356 
ocARl 696 356 356 356 356 356 356 
9232 Se 15e¢ 15e 156 15e 156 156 
0633 be 15e 15e 15 156 156 15-6 
0084 366 15¢ 15.6 156 156 156 156 
0085 8s 15e 15.6 15¢ 15e 156 156 
10986 396 306 306 306 306 306 306 
0C37 17e 17e 17e 17e 17. 17. 17. 
1088 226 220 226 226 226 226 220 
2039 lle 15e 156 156 156 156 156 
0°90 Se 15.6 15e 15e 15.6 15e 156 
0091 266 156 15.6 15.6 156 156 15-6 
0092 196 196 196 196 196 196 "ehEhSe - 
0093 36 156 15e 15.6 156 15e 15.6 = 
0094" Be 156 156 156 15¢ 15 156 ‘ 
1095 306 306 306 306 306 306 306 
2076 lle 156 156 1568 756 156 156 
1097 Sle 156 156 156 156 156 15e 
1098 656 356 356 356 356 356 356 
0039 38e 156 15-6 15.6 15.6 156 15.6 
2190 3Be 156 158 15° 156 5 tee 15-6 
0101 596 15e 156 156 15. a 15e 
0132 2e 15 15.6 15 156 156 15. 
0193 Se 156 15e 15e 156 156 15e 
0104 Se 15¢ 15e 1568 15 156 15e 
2195 3Be 15e 156 159 156 156 15e 
2196 1B. 186 18. 18.6 18. 186 18. 
1197 lle 15e 1Se 15e 156 15.6 156 
11¢8 556 156 156 15e 15.e 15.6 156 
1109 606 306 306 306 306 306 306¢ 
1219 14, l4e 14.6 l4e l4e 14. 14. 
0111 ?e 156 15e 156 156 15. 156 
1112 2266 2266 226 2266 2266 226s 2266 
1113 59.6 356 356 356 356 356 356 
1114 106 1De 19-6 Me 196 19. 10. 
Dig 14.6 l4e l4. 14.6 14. l4e 14.6 
2114 Oe 156 1S. 156 156 15e 156 
Ati7 356 356 356 356 356 356 356 
1118 426 15e 15. 15e 156 156 156 
2119 Oe 15e 156 156 156 15e 156 
2120 Se 9« 9s 9 Ge Se : 9. 
2121 196 196 19. 196 196 196 196 
ais? 466 46e 466 466 466 460 466 
We ee | 67e 67e 67 67.6 67 67e 67e 
1124 Zle 2le 2le 2le 2le 2le 2le 
Zie5 2e 15Se 156 156 156 156 156 
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APPENDIX I 
RESIDENTIAL DENSITY 
(Households per Acre) 


District 1970 1980 1990 2000 2010 2020 2030 2040 2050 


0001 26 36 = - _ me he 
. = . 
pei = a be be be ay ize = Same as Same as 
0004 36 Re 30 36 eo 4e 4e 2030 2030 
1005 26 3e we &e Se Se Kea 
0006 30 30 30 36 36 he ‘. 
1007 be 6s on be 6s be be 
vous le ée ce ee ée De iis 
oc09 be be 4e 4e be he hes 
0010 26 26 30 %e 4e be on 
0011 2e 26 20 36 36 36 36 
0012 2e 2° 3° 30 36 36 36 
0013 le le le 20 20 36 36 
20146 he ia be be ee Be .. 
1015 206 200 206 206 206 206 20. 
2916 Se Te 106 106 106 106 10. 
1017 2e re 4e Se 5e be Ie 
1018 286 286 vista 286 286 286 2B. 
2019 26 4e 4s 4s 4e 4e < 
9220 le - 2s 36 36 i. 36 
0021 2e 30 30 4e Se be me 
1022 246 2be 240 246 24 24e Zhe 
0023 le 20 20 26 26 2e 2e 
0024 26 3e Ps Se 66 be Te 
0025 36 3e prise ind He 4e ie 
2026 4e be 4e 4e Ge be hie 
0027 le le le 26 26 2e 2e 
0028 le le le 20 20 2. 20 
0029 2e 2e 26 2e Ze 2e 2. 
man ck es iVe 17e 17e 17. iT. 1Te 
2031 360 be Be Be 106 106 106. 
0032 36 26 36 36 36 be line 
0033 36 3e : 36 Me 4e 6. * 
0034 26 26 20 2 20 2e a 
0035 le 2e 2° 4e Ge be - 
2036 26 Ze 36 3s 3e be ieee 
ae &e Se Se 5 
3533 2 4 ba Zs 20 36 3. 
0039 2 2° 30 30 36 36 3e 
0040 3e 30 36 3e Bee 36 7 
0041 3e Se be 66 Te Te Be 
0042 36 2e 2e 36 36 30 Bs 
1043 Pe 2e 30 36 3e be = 
0044 le le 2e 2e 2e 2e 2e 
O045 Ze 2. 2 3 Ss +e ie 
0046 l&e le l4&e l&e l4e l&e 14. 
0047 2e 2e 2e 30 30 36 Ow 
1948 126 126 156 156 156 156 15.6 
09469 le le 2e Ze Ze 2e Ze 
0050 be 4e 4e Gs Se Ge Ge 
0051 he Ge be be be be be 
0052 le 2e 36 36 4e Le he 
0353 be 4e oe Se Se Se Se 
0054 2e 2e 2 36 Ze 3e Ze 
1055 lle lle 150 156 156 156 156 
0956 26 Ze 30 Be 360 36 36 
1957 °e Be lSe 206 206 206 206 
0058 le le 26 2e 3e 36 36 
0059 Se Le Se Se Se be be 
0060 We oe 3e 3e 3e 4e 4e 


District 1970 1980 1990 2000 2010 2020 2039 2040 


1061 36 4e 5e 6e Te Be 106 
2062 3e 4e 5e 6e Te Be 106 
0063 36 Be 4e 4e Se 05 be- Same 
2064 3e 4e Se 60 Te Be De as 
2065 3e 4e Be 9e 106 lle 12e 
1066 be 66 Te Be 106 l2e l4e 2030 
2067 4e 5e 66 Te 106 lZe l4e 
OSes le le Ze Ze Se 36 de 
0069 2e 3e 36 4e 4e 5e 5e 
0070 2e 36 4e Se Se 5e 5e 
0071 le 2e 2e 36 4e be be 
2072 4e Se 6e Te Be 9e 106 
0073 he Se 8e Be Ge Ye 106 
0074 le 2e 2e 2e 36 36 Le 
2075 9e 10¢e lle 12¢ 136 136 136 
2076 3e 36 4e 4e Se Se be 
1077 3e 36 Se 66 Te Te Be 
1078 106 106 156 206 206 206 206 
0079 30 3e 36 3e 30 4e Se 
0080 2e 4e 4e 4e 4e 4e Le 
0081 l2e l2e l4e l4e 15.6 125 16e 
0082 be 5e be be be be be 
0083 le le 2e 2e 2e be be 
0084 2e 26 36 3e 4e 4e 5e 
0085 le le le 2e 2e 36 36 
1086 306 306 306¢ 306 306 34e 34e 
0087 2e 36 4e Se be Te Be 
19088 4e 5e 66 Te Be %e 106 
2089 Be Be Be Be Be Be Be 
0090 le le 2e 26 Ze 2e 2e 
0091 le 26 2e 2e 2e 2e 2e 
0092 be be Te Te Be Be 9e 
0093 2e 2e 36 36 be 4e 5. 
0094 le le le 2e 2e 30 36 
1095 4e 4e Be 106 l2e l4e 16.6 
2096 2e 26 3e 36 4e 4e Se 
1097 Te Te 10. l2e l2e 206 206 
1098 lle lle 12e 12¢ l2e 126 126 
0099 le le 26 2e 36 3e 4e 
2100 2e 2e 3e 3e 4e 4e Se 
0101 le le 2e 2e 36 36 3e 
0102 36 3e 4e be Se Se 66 
0103 2e 26 3e 3e 3e 36 36 ~ 
0104 le le 2e 26 2e 36 36 
“£409 ce ce 36 +e Se ie we 
2106 4e 4e 5e 5e be l2e 166 
1107 2e 26 106 106 10. 156 156 
1108 36 36 4e 4e 4e 6e 66 
1109 lle lle l2e l2e 136 136 l4e 
1110 4e be Be 106 10. 106 10. 
0111 2e 2e 36 3e Se 4e 5e 
LYy2 234.6 2346 2346 2346 2340 2346 2346 
1113 256 256 306 306 306 356 350 
1114 4Be 4B8e 4B8e 4Ae 4Be 48 4Be 
1115 2le 21le 2ie 226 226 256 256 
2116 24e 246 246 256 256 266 266 
Di 7 37e 37e 37e 37. 37e 37e 37e 
1118 1B. 18. 18.6 18.6 186 18.6 1B. 
2119 Ge 9 96 %e De 9s 96 
2120 Be 96 Ge 196 106. 196 10e¢ 
2121 196 196 196 196 19.6 196 196 
2122 106 10. 10. 106 10. 106 10. 
1123 306 306 306 306 306 306 306 
1124 396 3290 396 396 396 396 396 
2125 66 be be be 60 be be 
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PERCENTAGE OF NEW DEVELOPMENT 
DEDICATED TO LOCAL STREETS 
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0001 
1002 
2003 
0004 
1005 
0006 
1007 
0008 
0009 
9010 
ocll 
0012 
0013 
2014 
1015 
2016 
1017 
1018 
2019 
0020 
0¢c21 
102? 
0023 
0024 
0025 
2026 
0027 
0028 
0029 
nan 
2931 
0932 
0033 
0036 
0035 
2036 
2037 
0038 
0039 
0040 
004) 
0042 
1043 
0044 
0045 
0046 
0047 
1048 
0049 
0050 
0051 

0052 
0053 
C054 

1955 

0056 

1057 
0058 

0059 


9060 


a 


Districs 1980 1990 
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106 
lle 
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a6 2 
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10. 
106 
106 
14. 
10¢ 
106 
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106 
10. 
10° 
10. 
10. 
10° 
106 
lle 
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10° 
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10. 
10° 
10° 
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APPENDIX J 


TO LOCAL STREETS 

2000 2010 2020 
106 Se Se 
lle lle lle 
10. Des De 
106 9e Se 
10. %e Sa 
106 9e Se 
lle =e lhe 
106 Ve Ye 
lle lle lle 
10. 9e Se 
106. Se %e 
10. oe De 
10. %e Se 
lle lle id< 
lle lle lle 
106 9s De 
10. oe 9e 
lle lle lle 
10. oe 96 
106 oe 7 
106 9s Se 
lle lle Lle 
106 oe 96 
106 Se 9. 
10.6 oe 9. 
10. 9s 96 
9s oe Re 
106 9%. 9 
10. Se 96 
te iv. V1, 
10e oe Se 
10° oe Ge 
lle lle lle 
10.6 oe %e 
10s oe Se 
106 9° De 
10. 9. 
10. %e _ 
10. oe oe 
106 co. 9 
lle lls hile 
106 Ss Ge 
106 o. Fe 
10. 9. os 
106 %e Se 
lle lies lle 
10. Soe Se 
lle lle lle 
Fe Se Be 
106 S. 7 
10. °c. 9. 
1% 2. 9° 
il. lls lle 
10e o. Fe 
lle Vis Sis 
10. Se ry 
ll» lle lle 
106 9°. oe 
106 10. 9. 
106 Se Se 


2040 


Same as 
2030 


2050 


Same as 
2030 


District 1980 


1061 
2062 
0063 
2064 
2065 
1066 
0068 
0069 
0070 
9071 
2072 
0073 
C074 
2075 
2076 
1077 
1078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
1086 
0087 
1088 
2089 
vsdO 
0091 
0092 
0093 
0094 
1095 
2096 


1097 
1098 
0099 
2109 
0101 
0102 
0103 
ArN4 
2105 
2106 
1107 
1108 
1109 
3110 
0111 
BU ho iy 
iy 
1114 
LES 
2116 
yay leeg 
1118 
2119 
2120 
ras | 
2lz2 
1123 
1124 
2125 


lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
aie 
lle 
lle 
lle 
lle 
lle 
lle 


lle 
lle 
lle 
106 
lle 
lle 
lle 
10. 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
Like 
lle 
lle 


1990 2000 
10e 106 
106 106. 
lle lle 
106 106. 
106 106. 
lle lle 
ie We 
106 106 
106 106 
106 106 
106 10. 
106 106 
106 106 
106 106 
lle BUS 
106 106 
106 10. 
lle lle 
106 10. 
lle lle 
lle lle 
lle lle 
106 106 
106 106 
106 10¢ 
lle lle 
106 106 
lle lle 
10. 10. 
ave ive 
10.6 106 
lle lle 
10. 106 
106 106 
lle lle 
106 106 
106 106 
lle lle 
106 106 
106 9e 
10° 10. 
106 10. 
106 106 
10° Se 
100 106 
lle lle 
10. 106 
10. 106 
lle lle 
106 106. 
10. 106 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 
lle lle 


2010 


APPENDIX K 


PERCENTAGE OF NEW DEVELOPMENT 
DEDICATED TO LOCAL OPEN SPACE 


ow 
RT gl te = oy, 


en . or 


A KEGRRCIA 


TRAMGOISV 


District 1980 


0001 
1002 
2003 
0004 
1005 
0006 
1007 
0008 
0009 
: 0010 
0011 
0012 
0013 
2014 
1015 
2016 
1917 
1018 
2919 
0020 
00”1 
1022 
0023 
0024 
0025 
2026 
0027 
0028 
0029 
1030 
2031 
0932 
0033 
0034 
0035 
2036 
2037 
0038 
0939 
004 
0041 
0042 
1043 
0044 
0045 
0046 
0047 
1048 
0049 
0050 
0051 
0052 
0053 
0054 
1055 
0056 
1057 
0058 
0059 
0060 


lle 


lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 


- lle 


lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
106 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 


lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
10.6 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 


APPENDIX K 
PERCENTAGE OF NEW DEVELOPMENT 
DEDICATED TO LOCAL OPEN SPACE 


106 106 Ge Se Be Be 
lle lle lle lle lle lle 
106 106 Ge Ge Be Be 
106 10¢ 9e 9e Be Be 
106 10. 96 Ge Be Be 
106 106 Se Ge Be Be 
lle lle lle lle lle lle 
106 106 9e Ge Ge Be 
lle lle lle lle lle lle 
106 10.6 9e Ge Be 8e 
106 106 Se 9e Be Be 
106 10. Ge 9e Be Be 
106 10¢ 9e Ge Be Be 
lle lle lle lle lle lle 
lle lle lle lle lle lle 
106 106 9° 9e Be Be 
106 106 9e 9e Be Be 
lle lle lle lle lle lle 
106 10. Se 9e Be Be 
106 106 9e De Be 8e 
106 106 9e 9e Be Be 
lle lle lle lle ile iie 
106 106 9e 9e Be Be 
106 10.6 Se 9e Be 8e 
106 106 9e Se Be 8e 
106 10.6 9e Ge Be Be 
106 9e 9e Be Be Te 
106 106 Se 9e Be 8 e« 
106 10.6 9e Ge Be Be 
lle lle lle lle lle lle 
106 106 9e Ge Be Be 
106 106 Ge Ge Be 8e 
lle lle lle lle lle lle 
106 10.6 9e 9e 8e Be 
106 10.6 9e 9e Be Be 
106 10¢ 9e 9e Be Be 
10. 10. 9e Ge 8e Be 
106 10.6 9e Ge Be Be 
106 106 9e 9e Be Be 
106 106 9e 9e Be 8e 
lle lle -*Lle lle lle lle 
106 106 9s Ge Be Be 
106 106 9° 9e Be Be 
106 10.6 Ge De Be Be 
106. 106 9e Ge Be Be 
lle lle lle lle lle lle 
106 106 Se 9e Be Be 
lle lle lle lle lle lle 
106 9e 9e Be Be Te 
10° 106 9e 9e Be Be 
10° 106 9e 9e Be Be 
106 106 9e 9e Be Be 
lle lle lle lle lle lle 
106 10. 9e Se Be Be 
lle lle lle lle lle lle 
106 10.6 9e 9e Be 8e 
lle lle lle lle lle lle 
106 10. De Se Be Be 
lle 106 106 9e 9e Be 
106 » 106 Se 9e Be Be 


*For names of towns see Appendix M. 


District 


1061 
2062 
0063 
2064 
2065 
1066 
2067 
0068 
0069 
0070 
0071 
2072 
C073 
0074 
2075 
2076 
1077 
1078 
0079 
0c80 


0081- 


0082 
0083 
0084 
0085 
1086 
0087 
1088 
2089 
0090 
0091 
0092 
0093 
0094 
1095 
2096 


1097 
1098 
0099 
2109 
01901 
0192 
0103 
0104 
2105 
2106 
1197 
1108 
1109 
1119 
0111 
1112 
1113 
1114 
1115 
2116 
1117 
11158 
2119 
2120 
2121 
2122 
1123 
1124 
ie ee 


1980 


pe er 
lle 
lle 
lle 
lle 
lle 
lle 
ile 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 


lle 
lle 


lle 
106 
lle 
lle 
lle 
10. 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
1Ehe 
lle 
lle 
lle 
lle 
lle 
lle 
lle 


106¢ 
106 


lle 
106 


106 
lle 


106 
106 


106 
106 
lle 
106 


106 
106 


lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 
lle 


10.6 


106 
106 


lle 
lle 
lle 


106 
lle 


lle 
106 


106 


106 


APPENDIX L 


ACTIVITY HISTORY AND EMPIRIC 
ACTIVITY ALLOCATIONS 
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APPENDIX M 


SMALL AREA POPULATION AND EMPLOYMENT 
DESIGN FORECASTS 
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SIC CATEGORIES OF DEPENDENT VARIABLES AND 
EMRPP LAND=-USE CATEGORIES 


SIC Categories of Dependent Variables 


Dry manufacturing - SIC code No. 19, 205, 21, 227, 228, 23 
24, 25, 27, 301, 302, 31 (except 311), 32 (except 324, 3295 
332, 334, 339, 34 (except 347), 35, 36, 37 (except 372, 373 
38, 39 (except 394); 


Wet manufacturing - SIC code No. 20 (except 205, 206), 22 
(except 227, 228), 264, 265, 266, 267, 28, 29 (except 291), 


a0 (except./901, 302), 311, 324, 329, 331, 335, 336, 347, 
B12 y 3t35 SPA; 


Very wet manufacturing - SIC code No. 206, 261, 262, 263, 
ega% 


Industrial nonmanufacturing - SIC code No. 01-17, 40-50; 
and 


Commercial = SIC code No. 52-94, 


EMRPP Land=-Use Categories 


Residential - EMRPP land-use codes 01, 02, 03, 05, 08, 09, 
973 


Commercial (including intensive institutional) - codes 06, 
a. Se, 53, 5, SS, AGC aT, 18, 49, 61, BA, 055-89, TE, Fe 
Ti, 15, 75, Garth, 77, 7, 79, 98 (part); 


Industrial/nonmanufacturing - codes 11, 14, 15, 16, 21, 22, 
oa, 25, 25, 242. 29, 98 tpart); 


Industrial/nonmanufacturing - codes 32, 34, 35, 39, 55, 56, 
59, 98 (part); 


Extensive industrial - codes 31, 33, 36, 373 
Extensive institutional - codes 75 (part), 76; 


Streets and highways (including major parking facilities) - 
codes 67, 68, 99; 


N=1 


8. Restricted open space (e.g., recreational) - codes a3 55: 
86, 93, 94; and 


9. Vacant - codes 91, 92. 


University lands, code 75, were initially assigned to the com- 
mercial category. Some lands, however, were transferred back to 
extensive institutional category based on specific data obtained 
in our research on major institutions. Nonresidential construc- 
tion projects, code 98, were proportionately allocated in each 
district to the commercial and the two industrial categories. 
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